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CELL LOADING-BASED CELLTRANSTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of priority from 
both U.S. Provisional Patent Application No. 61/722,935, 
filed on Nov. 6, 2012, and U.S. Provisional Patent Application 
No. 61/880,568, filed on Sep. 20, 2013, each of which is 
hereby incorporated herein by reference in its entity for all 
purposes. 

FIELD OF THE DESCRIBED EMBODIMENTS 

0002 The described embodiments relate generally to 
wireless communications and more particularly to making 
cell transition decisions based on cell loading. 

BACKGROUND 

0003. During the course of operation, a wireless commu 
nication device can transition between cells within one or 
more cellular networks. For example, a wireless communica 
tion device can transition from a serving cell to a neighbor cell 
in response to a change in received signal strength of the 
serving cell and/or of the neighbor cell due to a mobility 
scenario in which the device can move out of the coverage 
area of the serving cell and toward the coverage area of the 
neighbor cell. 
0004. In some instances, a wireless communication device 
can transition from a cell using a first radio access technology 
(RAT) to a cell using a second RAT. For example, cellular 
networks using newer RAT systems. Such as Long Term Evo 
lution (LTE) systems, are being developed and deployed in 
areas of overlapping coverage with legacy networks. In this 
regard, coverage of the newer RATs is not yet universal and, 
further, in some deployments, LTE and other new RATs may 
not fully support Some services that can be handled by legacy 
networks. Accordingly, LTE networks are often co-deployed 
in overlapping regions with legacy networks wireless com 
munication devices can transition between cells using various 
co-deployed RATs as services or coverage may require. For 
example, in some deployments, a wireless communication 
device can “fallback” from an LTE cell to a cell implementing 
a legacy RAT due to scenarios such as loading on the LTE 
network and lack of coverage of the LTE network. As a further 
example, in some deployments, an LTE network is not 
capable of Supporting Voice calls. Accordingly, when a wire 
less communication device receives or initiates a voice call 
while connected to a network that Supports data sessions, but 
not voice calls, the wireless communication device can per 
form a circuit switched fallback (CSFB) procedure to transi 
tion to a cell implementing a legacy RAT that Supports Voice 
calls. Transitioning from a cell implementing first RAT to a 
cell implementing a second RAT. Such as in the case of falling 
back from LTE to a legacy network, is referred to as an 
inter-RAT (iRAT) handover. 
0005 Presently, cell selection decisions, such as in the 
case of intra-RAT cell transitions and iRAT handovers, are 
based on signal strength measurements of neighboring cells. 
However, devices generally do not have any a priori knowl 
edge of loading on a neighbor cell and may transition to a cell 
that, while having good signal strength, is heavily loaded. 
Heavily loaded cells can provide poor performance for a 
wireless communication device, which can negatively impact 
user experience. 
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SUMMARY OF THE DESCRIBED 
EMBODIMENTS 

0006. Some example embodiments disclosed herein pro 
vide for making cell transition decisions based on cell load 
ing. More particularly, a base station in accordance with some 
example embodiments can provide loading information 
indicative of loading on one or more neighbor cells to a 
wireless communication device operating within a cell asso 
ciated with the base station. The wireless communication 
device of Such example embodiments can accordingly 
receive the loading information and can factor in the indicated 
loading of candidate neighbor cells when making a cell tran 
sition decision. Such example embodiments accordingly 
enable a wireless communication device to make a more 
informed cell transition decision, which can result in a wire 
less communication device transitioning to a less loaded cell, 
which can provide better service and an improved user expe 
rience. 
0007. In a first embodiment, a method for making a cell 
transition decision based at least in part on cell loading is 
provided. The method of the first embodiment can include a 
wireless communication device receiving a message sent by a 
base station associated with a serving cell for the wireless 
communication device. The message can include loading 
information indicative of a loading factor for each of at least 
one neighbor cell. The base station can, for example, be an 
evolved Node B(eNB), and the serving cell can, for example, 
implement an LTE RAT. The method of the first embodiment 
can further include the wireless communication device read 
ing at least a portion of the loading information from the 
message; and selecting a target cell for transition from the at 
least one neighbor cell based at least in part on the read 
loading information. 
0008. In a second embodiment, a wireless communication 
device is provided. The wireless communication device of the 
second embodiment can include at least one transceiver and 
processing circuitry coupled with the at least one transceiver. 
The at least one transceiver can be configured to send data to 
and receive data from one or more cellular networks. The 
processing circuitry can be configured to control the wireless 
communication device of the second embodiment to at least 
receive a message sent by a base station associated with a 
serving cell for the wireless communication device. The mes 
sage can include loading information indicative of a loading 
factor for each of at least one neighbor cell. The base station 
can, for example, be an evolved Node B (eNB), and the 
serving cell can, for example, implement an LTE RAT. The 
processing circuitry can be further configured to control the 
wireless communication device of the second embodiment to 
read at least a portion of the loading information from the 
message; and select a target cell for transition from the at least 
one neighbor cell based at least in part on the read loading 
information. 
0009. In a third embodiment, a computer program product 
for making a cell transition decision based at least in part on 
cell loading is provided is provided. The computer program 
product of the third embodiment can include at least one 
non-transitory computer readable storage medium having 
program code stored thereon. The program code of the third 
embodiment can include program code for receiving, to a 
wireless communication device, a message sent by a base 
station associated with a serving cell for the wireless commu 
nication device. The message can include loading informa 
tion indicative of a loading factor for each of at least one 
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neighbor cell. The base station can, for example, be an 
evolved Node B(eNB), and the serving cell can, for example, 
implement an LTE RAT. The program code of the third 
embodiment can further include program code for reading at 
least a portion of the loading information from the message; 
and program code for selecting a target cell for transition from 
the at least one neighbor cell based at least in part on the read 
loading information. 
0010. In a fourth embodiment, an apparatus for making a 
cell transition decision based at least in part on cell loading is 
provided. The apparatus of the fourth embodiment can 
include means for receiving, to a wireless communication 
device, a message sent by a base station associated with a 
serving cell for the wireless communication device. The mes 
sage can include loading information indicative of a loading 
factor for each of at least one neighbor cell. The base station 
can, for example, be an evolved Node B (eNB), and the 
serving cell can, for example, implement an LTE RAT. The 
apparatus of the fourth embodiment can further include 
means for reading at least a portion of the loading information 
from the message; and means for selecting a target cell for 
transition from the at least one neighbor cell based at least in 
part on the read loading information. 
0011. In a fifth embodiment, a method for facilitating a 
cell transition decision by a wireless communication device 
based at least in part on cell loading is provided. The method 
of the fifth embodiment can include a base station receiving 
loading factor data for one or more neighbor cells; deriving 
loading information indicative of a loading factor for each of 
at least one neighbor cell of the one or more neighbor cells 
from the received loading factor data; generating a message 
including at least a portion of the derived loading informa 
tion; and sending the message such that the message is receiv 
able by at least one wireless communication device in a cell 
served by the base station. 
0012. In a sixth embodiment, an apparatus is provided that 
can be implemented on a base station. The apparatus of the 
sixth embodiment can include processing circuitry that can be 
configured to control a base station to at least receive loading 
factor data for one or more neighbor cells; derive loading 
information indicative of a loading factor for each of at least 
one neighbor cell of the one or more neighbor cells from the 
received loading factor data; generate a message including at 
least a portion of the derived loading information; and send 
the message such that the message is receivable by at least one 
wireless communication device in a cell served by the base 
station. 

0013. In a seventh embodiment, a computer program 
product for facilitating a cell transition decision by a wireless 
communication device based at least in part on cell loading is 
provided. The computer program product of the seventh 
embodiment can include at least one non-transitory computer 
readable storage medium having program code stored 
thereon. The program code of the seventh embodiment can 
include program code for receiving, to a base station, loading 
factor data for one or more neighbor cells; program code for 
deriving loading information indicative of a loading factor for 
each of at least one neighbor cell of the one or more neighbor 
cells from the received loading factor data; program code for 
generating a message including at least a portion of the 
derived loading information; and program code for sending 
the message such that the message is receivable by at least one 
wireless communication device in a cell served by the base 
station. 
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0014. In an eighth embodiment, an apparatus for facilitat 
ing a cell transition decision by a wireless communication 
device based at least in part on cell loading is provided. The 
apparatus of the eighth embodiment can include means for 
receiving, to a base station, loading factor data for one or more 
neighbor cells; means for deriving loading information 
indicative of a loading factor for each of at least one neighbor 
cell of the one or more neighbor cells from the received 
loading factor data; means for generating a message includ 
ing at least a portion of the derived loading information; and 
means for sending the message such that the message is 
receivable by at least one wireless communication device in a 
cell served by the base station. 
0015 This Summary is provided merely for purposes of 
Summarizing some example embodiments so as to provide a 
basic understanding of Some aspects of the disclosure. 
Accordingly, it will be appreciated that the above described 
example embodiments are merely examples and should not 
be construed to narrow the scope or spirit of the disclosure in 
any way. Other embodiments, aspects, and advantages will 
become apparent from the following detailed description 
taken in conjunction with the accompanying drawings which 
illustrate, by way of example, the principles of the described 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The described embodiments and the advantages 
thereof may best be understood by reference to the following 
description taken in conjunction with the accompanying 
drawings. These drawings are not necessarily drawn to scale, 
and in no way limit any changes in form and detail that may 
be made to the described embodiments by one skilled in the 
art without departing from the spirit and scope of the 
described embodiments. 
0017 FIG. 1 illustrates a wireless communication system 
in accordance with some example embodiments. 
0018 FIG. 2 illustrates a wireless communication system 
in which evolved Node Bs (eNBs) can be configured to 
exchange loading information via an interface between the 
eNBs in accordance with some example embodiments. 
0019 FIG. 3 illustrates overlapping coverage of a fourth 
generation network and a legacy network in accordance with 
Some example embodiments. 
0020 FIG. 4 illustrates an example mixed-RAT wireless 
communication system in accordance with Some example 
embodiments. 
0021 FIG.5 illustrates another example mixed-RAT wire 
less communication system in accordance with some 
example embodiments. 
0022 FIG. 6 illustrates a block diagram of an apparatus 
that can be implemented on a wireless communication device 
in accordance with some example embodiments. 
0023 FIG. 7 illustrates a block diagram of an apparatus 
that can be implemented on a base station in accordance with 
Some example embodiments. 
0024 FIG. 8 illustrates a block diagram of an apparatus 
that can be implemented on a network entity that can be 
configured to provide neighbor cell loading information to a 
base station in accordance with some example embodiments. 
0025 FIG. 9 illustrates a flowchart according to an 
example method for providing neighbor cell loading infor 
mation to a base station in accordance with some example 
embodiments. 
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0026 FIG. 10 illustrates a flowchart according to an 
example method for facilitating a cell transition decision 
based on cell loading in accordance with Some example 
embodiments. 
0027 FIG. 11 illustrates a flowchart according to another 
example method for facilitating a cell transition decision 
based on cell loading in accordance with Some example 
embodiments. 
0028 FIG. 12 illustrates a flowchart according to an 
example method for making a cell transition decision based 
on cell loading in accordance with some example embodi 
mentS. 

0029 FIG. 13 illustrates a flowchart according to another 
example method for making a cell transition decision based 
on cell loading in accordance with some example embodi 
mentS. 

0030 FIG. 14 illustrates a flowchart according to an 
example method for influencing transition to a neighbor cell 
based on cell loading in accordance with Some example 
embodiments. 
0031 FIG. 15 illustrates a flowchart according to another 
example method for influencing transition to a neighbor cell 
based on cell loading in accordance with Some example 
embodiments. 
0032 FIG. 16 illustrates a flowchart according to an 
example method for selectively reading a system information 
message for updated loading information in accordance with 
Some example embodiments. 

DETAILED DESCRIPTION OF SELECTED 
EMBODIMENTS 

0033 Presently, when a wireless communication device 
transitions between cells, the selection of a target cell for 
transitioning is generally based solely on measurements 
reported by the device. A wireless communication device 
generally does not have any knowledge of a loading factor of 
a selected cell until the device has completed transition to the 
cell and has entered a traffic state on the cell. As such, while 
a wireless communication device may transition to a cell 
known to have a good signal strength based on pre-selection 
measurements, the lack of a priori knowledge of loading on 
the cell can result in the device transitioning to a heavily 
loaded cell, which can provide poor performance to the 
device in spite of the cell having a good signal strength. 
0034 Some example embodiments disclosed herein 
address problems in existing cell selection techniques by 
enabling wireless communication devices to make cell tran 
sition decisions based on cell loading. More particularly, a 
base station in accordance with some example embodiments 
can provide loading information indicative of loading on one 
or more neighbor cells to a wireless communication device 
operating within a cell associated with the base station. The 
wireless communication device of Such example embodi 
ments can accordingly receive the loading information and 
can factor in the indicated loading of candidate neighbor cells 
when making a cell transition decision. For example, the 
wireless communication device of some example embodi 
ments can consider the loading information in addition to 
measured signal characteristics of neighbor cells when mak 
ing a cell transition decision so as to avoid transitioning to a 
heavily loaded neighbor cell. Such example embodiments 
accordingly enable a wireless communication device to make 
a more informed cell transition decision. As such, embodi 
ments disclosed herein can enable wireless communication 
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devices to more consistently transition to cells that are not 
heavily loaded, which can provide better service and an 
improved user experience. Further, network operators can 
benefit due to more consistent load balancing between cells. 
0035 FIG. 1 illustrates a wireless communication system 
100 in accordance with some example embodiments. The 
system 100 can include a wireless communication device 
102. By way of non-limiting example, the wireless commu 
nication device 102 can be a cellular phone. Such as a Smart 
phone device, a tablet computing device, a laptop computing 
device, or other computing device that can be configured to 
operate on one or more cellular networks. In some example 
embodiments, such as those in which the wireless communi 
cation device 102 is configured to operate on an LTE network, 
the wireless communication device 102 can be referred to as 
user equipment (UE). 
0036. The wireless communication device 102 can be 
operating within a cell, referred to as the serving cell for the 
wireless communication device 102. The serving cell can 
have an associated base station, which is illustrated as the 
serving base station 104 in FIG. 1. In this regard, while 
operating within the serving cell, the wireless communication 
device 102 can send signals to and receive signals from the 
serving base station 104 in Support of a network connection. 
The serving base station 104 can be any base station or other 
cellular access point that can be configured to provide wire 
less network access to a wireless communication device 102 
operating within signaling range of the serving base station 
104. By way of non-limiting example, the serving base station 
104 can be an evolved node B(eNB), node B, base transceiver 
station (BTS), and/or any other type appropriate type of base 
station depending on a type of RAT implemented by the 
serving base station 104. 
0037. The serving base station 104 and, thus, the cell asso 
ciated therewith can implement any type of present or future 
developed cellular RAT in accordance with various example 
embodiments. For example, in Some embodiments, the serv 
ing base station 104 can implementan LTE RAT, such as LTE, 
LTE-Advanced (LTE-A), and/or other present or future 
developed LTE RAT. In some example embodiments in which 
the serving base station 104 implements an LTE RAT, the 
serving base station 104 can be embodied as an eNB. As a 
further example, in Some embodiments, the serving base sta 
tion 104 can implement a third generation (3G) RAT, such as 
a Universal Mobile Telecommunications System (UMTS) 
RAT, such as Wideband Code Division Multiple Access 
(WCDMA) or Time Division Synchronous Code Division 
Multiple Access (TD-SCDMA): a CDMA2000 RAT (e.g., 
1xRTT) or other RAT standardized by the Third Generation 
Partnership Project 2 (3GPP2); and/or other 3GRAT. In some 
example embodiments in which the serving base station 104 
implements a 3G RAT, the serving base station 104 can be 
embodied as a node B. As still a further example, in some 
embodiments, the serving base station 104 can implement a 
second generation (2G) RAT, such as a Global System for 
Mobile Communications (GSM) RAT. In some example 
embodiments in which the serving base station 104 imple 
ments a 2GRAT, the serving base station 104 can be embod 
ied as a BTS. It will be appreciated that the foregoing RATs 
are provided by way of example, and not by way of limitation. 
In this regard, it will be appreciated that the serving base 
station 104 can implement any present or future developed 
RAT, including, by way of example, various fifth generation 
(5G) RATs in development. 
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0038. The serving cell can be adjacent or otherwise proxi 
mate to one or more neighbor cells. Each Such neighbor cell 
can have an associated base station. One Such neighbor cell 
base station 106 is illustrated by way of example in FIG.1. It 
will be appreciated, however, that the system 100 of some 
example embodiments can include multiple neighbor cell 
base stations 106. A neighbor cell can be a candidate for the 
wireless communication device 102 to transition to from the 
serving cell in the event that the wireless communication 
device 102 transitions to another cell, such as through han 
dover, reselection, redirection, and/or other cell transition 
procedure. Thus, for example, if the wireless communication 
device 102 is within signaling range of a neighbor cell base 
station 106, the wireless communication device 102 can tran 
sition a network connection from the serving base station 104 
to the neighbor cell base station 106. 
0039. A neighbor cell base station 106 can be any base 
station or other cellular access point that can be configured to 
provide wireless network access to a wireless communication 
device 102 operating within signaling range of the neighbor 
cell base station 106 (e.g., within a cell associated with the 
neighbor cell base station 106). By way of non-limiting 
example, a neighbor cell base station 106 can be an evolved 
node B(eNB), node B, base transceiver station (BTS), and/or 
any other type appropriate type of base station depending on 
a type of RAT implemented by the respective neighbor cell 
base station 106, and, thus, by the associated neighbor cell. 
0040. A neighbor cell base station 106 and, thus, the 
neighbor cell associated therewith can implement any type of 
present or future developed cellular RAT in accordance with 
various example embodiments. For example, in some 
embodiments, a neighbor cell base station 106 can implement 
an LTE RAT, such as LTE, LTE-A, and/or other present or 
future developed LTE RAT. In some example embodiments in 
which a neighbor cell base station 106 implements an LTE 
RAT, the neighbor cell base station 106 can be embodied as an 
eNB. As a further example, in some embodiments, a neighbor 
cell base station 106 can implement a 3G RAT, such as a 
UMTS RAT, such as WCDMA or TD-SCDMA; a 
CDMA2000 RAT (e.g., 1xRTT) or other RAT standardized 
by 3GPP2; and/or other 3G RAT. In some example embodi 
ments in which a neighbor cell base station 106 implements a 
3G RAT, the neighbor cell base station 106 can be embodied 
as a node B. As still a further example, in Some embodiments, 
a neighbor cell base station 106 can implement a 2G RAT, 
such as a GSMRAT. In some example embodiments in which 
a neighbor cell base station 106 implements a 2G RAT, the 
neighbor cell base station 106 can be embodied as a BTS. It 
will be appreciated that the foregoing RATs are provided by 
way of example, and not by way of limitation. In this regard, 
it will be appreciated that a neighbor cell base station 106 can 
implement any present or future developed RAT, including, 
by way of example, various 5G RATs in development. 
0041. In some example embodiments, one or more neigh 
bor cells (e.g., one or more neighbor cell base stations 106) 
neighboring the serving cell can implement the same RAT as 
the serving cell for the wireless communication device 102 
(e.g., the same RAT as the serving base station 104). For 
example, in Some such embodiments, the serving cell for the 
wireless communication device 102 and one or more neigh 
bor cells can implement an LTE RAT. Neighbor cells imple 
menting the same RAT as the serving cell can include inter 
frequency cells (e.g., cells using a different frequency than the 
serving cell) and/or intra-frequency cells (e.g., cells using the 
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same frequency as the serving cell). In some example 
embodiments, the wireless communication device 102 can be 
operating in a region with a mixed-RAT deployment. In Such 
embodiments, the neighbor cells neighboring the serving cell 
can additionally or alternatively include one or more neighbor 
cells implementing one or more RATs other than the RAT 
implemented by the serving cell. For example, in some Such 
embodiments, the serving cell for the wireless communica 
tion device 102 can implement an LTE RAT and the neighbor 
cells can include one or more neighbor cells implementing a 
legacy RAT having a circuit Switched domain, Such as 
CDMA2000, GSM, UMTS, and/or the like. 
0042. As will be described further herein below, the serv 
ing base station 104 of Some example embodiments can be 
provided with access to loading factor data for one or more 
neighbor cells. Thus, for example, the serving base station 
104 can be provided with loading factor data for one or more 
neighbor base stations 106. A neighbor cell base station 106 
can share loading factor data and the serving base station 104 
can be provided with accessed to the shared loading factor 
data via the network 108. The network 108 can include any 
interface and/or network architecture that can facilitate shar 
ing of loading factor data among base stations using one or 
more RATs. In this regard, the network 108 can include one or 
more interfaces, one or more network entities, at least a por 
tion of one or more radio access networks (RANs), at least a 
portion of one or more core networks (CNs), and/or other 
architecture that can be configured to Support the sharing of 
loading factor data between base stations. In some example 
embodiments, such as that illustrated in and described with 
respect to FIG. 2, the network 108 can include an interface 
Supporting communication between two or more base sta 
tions, such as between the serving base station 104 and neigh 
bor cell base station 106 to enable base stations to directly 
share loading factor data with each other. Additionally or 
alternatively, in Some example embodiments, such as those 
illustrated in and described with respect to FIG. 4 and FIG. 5, 
the network 108 can include one or more intermediary net 
work entities that can be configured to collect loading factor 
data for one or more base stations (e.g., for one or more 
neighbor cell base stations 106) and to make the collected 
loading factor data available to the serving base station 104 
such that the serving base station 104 of such example 
embodiments can receive loading factor data for one or more 
neighbor cell base stations 106 without directly communicat 
ing therewith. 
0043. As will be described further herein below, the serv 
ing base station 104 of Some example embodiments can be 
configured to derive loading information from received load 
ing factor data for neighbor cells and can generate a message 
including the derived loading information. The serving base 
station 104 of such example embodiments can be configured 
to send the message including this loading information Such 
that it is receivable by the wireless communication device 102 
and/or other wireless communication devices that can be 
operating within the serving cell associated with the serving 
base station 104. For example, in some embodiments, the 
loading information can be included in system information 
messages that can be broadcast within the serving cell by the 
serving base station 104 of some example embodiments. The 
wireless communication device 102 can receive a message 
including loading information that can be sent by the serving 
base station 104, and can use the loading information to select 
a target cell for transition from the available neighbor cells. 
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Thus, for example, the wireless communication device 102 
can select whether or not to transition to a cell associated with 
a neighbor cell base station 106 based on received loading 
information. 

0044. It will be appreciated that in some example embodi 
ments, a neighbor cell base station 106 can be configured to 
perform at least some functionality attributed to the serving 
base station 104 in accordance with various example embodi 
ments, and the serving base station 104 can be configured to 
perform functionality attributed to the neighbor cell base 
station 106 in accordance with various example embodi 
ments. In this regard, while the functionality of base stations 
are illustrated and described herein in terms of “serving and 
“neighbor relative to an example wireless communication 
device 102 operating within a serving cell, it will be appreci 
ated that a neighbor cell base station 106 can be a “serving 
base station relative to an example second device, and the 
serving base station 104 can be associated with a neighbor 
cell relative to that second device. As such, for example, a 
neighbor cell base station 106 can be configured to send 
messages including loading information for cells, such as the 
cell associated with the serving eNB 204, neighboring the cell 
associated with the neighbor cell base station 106 in accor 
dance with Some example embodiments. 
0045. As discussed above, in some example embodi 
ments, two or more base stations can be configured to directly 
share loading factor data with each other via an interface 
between the base stations. FIG. 2 illustrates a wireless com 
munication system 200 in accordance with some such 
example embodiments. In this regard, FIG. 2 illustrates an 
example embodiment of the system 100 in which two or more 
base stations can be configured to directly share loading fac 
tor data with each other. In the example system 200, two or 
more evolved Node Bs (eNBs) can be configured to exchange 
loading information via an interface 208 between the eNBs. 
The example of FIG. 2 includes a serving eNB 204 and a 
neighbor eNB206. The serving eNB 204 can, for example, be 
an embodiment of the serving base station 104, and can be 
associated with as serving cell for the wireless communica 
tion device 102. The neighbor eNB 206 can be an embodi 
ment of a neighbor cell base station 106. The interface 208 
can, for example, form at least a portion of the network 108. 
In some example embodiments, the interface 208 can be an 
X2 interface and/or other interface that can be used to inter 
face eNBs in an LTE network. It will be appreciated that while 
illustrated as a direct interface, in some example embodi 
ments, the interface 208 can include one or more intermediary 
network entities and/or can be formed by multiple interfaces 
that can collectively provide the interface 208. 
0046. In accordance with some example embodiments, 
the neighbor eNB206 can provide loading factor data indica 
tive of a loading factor for the neighbor eNB 206 to the 
serving eNB 204 via the interface 208. The serving eNB 2.04 
can derive loading information for the neighbor cell from the 
loading factor data provided by the neighboreNB206 and can 
include the loading information in a message that can be sent 
by the serving eNB 204 such that it can be received by the 
wireless communication device 102. The wireless communi 
cation device 102 can accordingly consider the received load 
ing information to facilitate evaluation of whether the neigh 
bor cell associated with the neighbor eNB 206 is a suitable 
target cell when transitioning from the serving cell. 
0047. As discussed, in some example embodiments, the 
wireless communication device 102 can be operating in an 
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area of mixed-RAT deployment Such that one or more neigh 
bor cells can use a different RAT than the serving cell for the 
wireless communication device 102. FIG. 3 illustrates over 
lapping coverage of a 4G network 302 and a legacy network 
304 in a communications system 300 in accordance with 
some example embodiments. The 4G network 302 can, for 
example, be a network implementing an LTE RAT. Such as an 
LTE network or an LTE-A network, or other network imple 
menting a 4G RAT. In some embodiments, the 4G network 
302 can be a network that can offer faster data rates than 
legacy networks, such as 2G and 3G networks, but may not 
support circuit switched (CS) voice calls. The legacy network 
304 can, for example, be a legacy network having a CS 
domain configured to Support CS Voice calls. By way of 
non-limiting example, the legacy network 304 can be a 3G 
network, such as a WCDMA or other UMTS network, such as 
a TD-SCDMA network. As a further example, the legacy 
network 304 can be a CDMA2000 network, such as a 1xRTT 
network, or other network standardized by 3GPP2 that sup 
ports a CS domain. As another example, the legacy network 
304 can be a 2G network such as a GSM network. 

0048. The 4G network 302 and legacy network 304 can 
each have regions of coverage represented by the respective 
circles illustrated in FIG. 3. The regions of coverage can 
overlap. Such as illustrated by the overlapping portions of the 
circles in FIG. 3. A wireless communication device 102 in 
accordance with some example embodiments can operate on 
both the 4G network 302 and the legacy network 304. Thus, 
for example, when the wireless communication device 102 is 
in a region of overlapping coverage, the wireless communi 
cation device can be connected to the 4G network302 and can 
fallback to the legacy network 304, such as due to loading of 
the 4G network302, a mobility scenario resulting in degraded 
coverage by the 4G network 302, in response to initiation of 
a voice call, and/or other similar scenarios for which a device 
can fallback from the 4G network 302 to the legacy network 
304. In this regard, for example, the wireless communication 
device 102 of some example embodiments can transition 
from a serving base station 104 that can be implemented on 
the 4G network 302 to a neighbor cell base station 106 that 
can be implemented on the legacy network 304. 
0049. It will be appreciated, however, that the example 
illustrated in FIG. 4 is provided by way of example and not by 
way of limitation. In this regard, Some example embodiments 
can be applied to any inter-Radio Access Technology (iRAT) 
handover, and not just to an iRAT handover from an LTE or 
other 4G network to a legacy network. Thus, for example, 
Some embodiments can be applied to transition by a wireless 
communication device 102 from a serving legacy RAT cell to 
a neighbor LTE cell. In this regard, for example, a serving 
base station 104 that can be associated with the serving legacy 
RAT cell in accordance with some example embodiments can 
send a message including loading information for the neigh 
bor LTE cell to facilitate selection of a target neighbor cell by 
the wireless communication device 102 based on the loading 
information. 

0050 FIG. 4 illustrates an example mixed-RAT wireless 
communication system 400 in accordance with some 
example embodiments. In this regard, FIG. 4 illustrates an 
embodiment of the system 100 in which the serving base 
station 104 and a neighbor cell base station 106 can imple 
ment different RATs. The system 400 can include a serving 
eNB 404 that can be associated with a serving cell for the 
wireless communication device 102. In this regard, the serv 
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ing eNB 404 can, for example, be an embodiment of the 
serving base station 104. The serving eNB404 can implement 
an LTE RAT. In this regard, the serving eNB 404 can, for 
example, be implemented on the 4G network 302. 
0051. The system 400 can further include a legacy RAT 
base station 406 that can be associated with a neighbor cell to 
the cell associated with the serving eNB 404. In this regard, 
the legacy RAT base station 406 can, for example, be an 
embodiment of a neighbor cell base station 106. The legacy 
RAT base station 406 can implement any legacy RAT, such as 
a legacy RAT that can include a CS domain. In this regard the 
legacy RAT base station 406 can, for example, be imple 
mented on the legacy network 304. Accordingly, when the 
wireless communication device 102 transitions from the cell 
associated with the serving eNB 404 to the cell associated 
with the legacy RAT base station 406, an iRAT handover can 
be performed. 
0052 By way of non-limiting example, the legacy RAT 
base station 406 can implement a 3G RAT, such as a UMTS 
RAT, such as WCDMA or TD-SCDMA; a CDMA2000 RAT 
(e.g., 1xRTT) or other RAT standardized by 3GPP2; and/or 
other 3G RAT. In some example embodiments in which the 
legacy RAT base station 406 implements a 3G RAT, the 
legacy RAT base station 406 can be embodied as a node B. As 
stillafurther example, in some embodiments, the legacy RAT 
base station 406 can implement a 2G RAT, such as a GSM 
RAT. In some example embodiments in which the legacy 
RAT base station 406 implements a 2GRAT, the legacy RAT 
base station can be embodied as a BTS. 
0053. In some example embodiments, the system 400 can 
include a control entity 408 that can be implemented on a 
network associated with the legacy RAT base station 406. The 
control entity 408 can be interfaced with one or more base 
stations, including the legacy RAT base station 406. In some 
example embodiments, the control entity 408 can be imple 
mented on a RAN including the one or more base stations that 
can be interfaced with the control entity 408, and the control 
entity 408 can control at least some operation of the base 
stations within the RAN. By way of non-limiting example, 
the control entity 408 can be embodied as a radio network 
controller (RNC) and/or as a base station controller (BSC) in 
accordance with some example embodiments. As the control 
entity 408 can be interfaced with the legacy RAT base station 
406 (and optionally one or more further base stations), the 
control entity 408 can have knowledge of a loading factor for 
the legacy RAT base station 406. For example, a legacy RAT 
base station 406 can report loading factor data and/or other 
wise make observed loading factor data available to the con 
trol entity 408. 
0054. In some example embodiments, the control entity 
408 can be interfaced with a core network of the legacy RAT 
network in which the legacy RAT base station 406 can be 
deployed. For example, in Some example embodiments. Such 
as some example embodiments in which the legacy RAT 
implemented by the legacy RAT base station 406 is a 
CDMA2000 RAT, the control entity 408 can be interfaced 
with a packet core that can include a packet data serving node 
(PDSN). 
0055. In accordance with some example embodiments, 
the control entity 408 can be at least indirectly interfaced with 
one or more eNBs in an LTE network, such as the serving eNB 
404, via the interface 410. The interface 210 can, for example, 
provide a direct interface linking the control entity 408 and 
the serving eNB 404. Alternatively, as another example, the 
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interface 210 can provide an indirect interface that can 
include one or more interfaces traversing one or more further 
entities of the LTE network in which the serving eNB 404 is 
deployed and/or one or more further entities of the legacy 
RAT network in which the legacy RAT base station 406 is 
deployed as intermediate entities on a communications path 
between the control entity 408 and the serving eNB 404. For 
example, in Some embodiments, one or more elements of an 
LTE core network, such as a packet data network (PDN) 
gateway and/or other element of an evolved packet core 
(EPC) can be disposed as intermediate entities along the 
interface 210. 

0056. In some example embodiments, the interface 210 
can be at least partially provided by an interface that can be 
used to facilitate interworking between different RATs. For 
example, in Some embodiments, such as Some embodiments 
in which the legacy RAT base station 406 implements a 
CDMA2000 RAT, the interface 210 can include an S102 
interface. As another example, in some embodiments, the 
interface 210 can include an SGs interface. 

0057 Regardless of the particular architectural implemen 
tation, the interface 410 can represent a communication path 
that can enable the exchange of data between the serving eNB 
404 and control entity 408 such that the control entity 408 can 
provide loading factor data for one or more base stations, such 
as the legacy RAT base station 406, to the serving eNB 404 
over the interface 410. The interface 410 and control entity 
408 can accordingly, for example, form a portion of the net 
work 108 in accordance with some example embodiments. 
0058. The serving eNB 404 can be configured to derive 
loading information for one or more neighbor cells from the 
loading factor data provided by the control entity 408 and can 
include the loading information in a message that can be sent 
by the serving eNB 404 such that it can be received by the 
wireless communication device 102. The wireless communi 
cation device 102 can accordingly consider the received load 
ing information to facilitate evaluation of whether the neigh 
bor cell associated with the legacy RAT base station 406 is a 
suitable target cell when transitioning from the serving LTE 
cell. 

0059 FIG.5 illustrates anotherexample mixed-RAT wire 
less communication system in accordance with some 
example embodiments. The system 500 illustrated in FIG. 5 
can include an LTE network, which can include the serving 
eNB 504. The serving eNB 504 can, for example, be an 
embodiment of the serving base station 104 and/or of the 
serving eNB 404 in accordance with some example embodi 
ments. The system 500 can further include one or more legacy 
radio access networks (RANs). For example, the system 500 
can include a 3G RAN 506 and/or a 2G RAN 512. 

0060. The 3G RAN 506 can include one or more neighbor 
node Bs 508, which can be interfaced with an RNC 510. The 
RNC 510 can control operation of the neighbor B508. The 
neighbor node B508 can be associated with a cell neighbor 
ing the cell associated with the serving eNB504. As such, the 
neighbor node B508 can, for example, be an embodiment of 
the neighbor cell base station 106 and/or of the legacy RAT 
base station 406 in accordance with some example embodi 
ments. The RNC 510 can, for example, be an embodiment of 
the control entity 408. The RNC 510 of some example 
embodiments can be configured to collect loading factor data 
for the base station(s) with which it is interfaced, such as the 
neighbor nodes B508, can be configured to make this loading 
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factor data available to one or more other base stations, such 
as to the serving eNB 504, as described further below. 
0061. The 2G RAN 512 can include one or more neighbor 
BTSs 514, which can be interfaced with a BSC 516. The BSC 
516 can control operation of the neighbor BTS 514. The 
neighbor BTS 514 can be associated with a cell neighboring 
the cell associated with the serving eNB 504. As such, the 
neighbor BTS 514 can, for example, bean embodiment of the 
neighbor cell base station 106 and/or of the legacy RAT base 
station 406 in accordance with some example embodiments. 
The BSC 516 can, for example, be an embodiment of the 
control entity 408. The BSC 516 of some example embodi 
ments can be configured to collect loading factor data for the 
base station(s) with which it is interfaced, such as the neigh 
bor BTS 514, and can be configured to make this loading 
factor data available to one or more other base stations, such 
as to the serving eNB 504, as described further below. 
0062. The serving eNB 504 can be configured to receive 
loading factor data for neighboring cells, such as loading 
factor data for the neighbor node B508 and/or for the neigh 
bor BTS 514. In this regard, the serving eNB 504 can be at 
least indirectly interfaced with the RNC 510 and/or with the 
BSC 516 to receive this loading factor data. In the example of 
FIG.5, the serving eNB504 can be interfaced with a mobility 
management entity (MME) 518, which can be implemented 
as part of the LTE network. The MME 518 can be interfaced 
with the 3G RAN 506 and/or with the 2G RAN 512 via one or 
more interworking entities 520. In this regard, the interwork 
ing entity 520 can include one or more network entities that 
can be configured to support communication and/or other 
interworking between RATs, such as handover of a wireless 
communication device 102 between RATs. In some example 
embodiment, the interworking entity (or entities) 520 can 
include one or more of an interworking solution node (IWS). 
mobile switching center (MSC), Serving General Packet 
Radio Service (GPRS) Support Node (SGSN), and/or other 
device that can Support communication between and/or other 
interworking between RATs in a mixed-RAT deployment. 
The interworking entity (or entities) 520 can, in turn, be 
interfaced with the RNC 510 and/or BSC 516. As such, in the 
system 500, an interface can be provided between the serving 
eNB 504 and one or more of the RNC 510 or BSC 516 via the 
MME 518 and the interworking entity (or entities) 520) that 
can be configured to enable the serving eNB 504 to receive 
loading factor data for a neighbor node B508 in the 3G RAN 
506 and/or for a neighbor BTS 514 in the 2G RAN 512. This 
interface can, for example, be an embodiment of the interface 
410. 

0063. The serving eNB 504 can be configured to derive 
loading information for one or more neighbor cells from the 
loading factor data that can be provided by the RNC 510 
and/or by the BSC 516, and can include the loading informa 
tion in a message that can be sent by the serving eNB504 such 
that it can be received by the wireless communication device 
102. The wireless communication device 102 can accord 
ingly consider the received loading information to facilitate 
evaluation and selection of a neighbor bell for transition. 
0064. It will be appreciated that various aspects of the 
systems illustrated in FIGS. 1, 2, 4, and 5 can be combined 
into a single system in accordance with some example 
embodiments. For example, a serving eNB on an LTE net 
work in accordance with some example embodiments can be 
configured to broadcast system information message from 
Some combination of one or more inter-frequency neighbor 
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LTE cells, one or more intra-frequency neighbor LTE cells, 
one or more neighboring legacy cells, and/or other combina 
tion of neighbor cells. As such, for example, a serving eNB in 
accordance with some example embodiments can receive 
loading factor data for one or more inter-frequency and/or 
intra-frequency LTE cells via an interface(s) 208 with one or 
more neighbor eNBs and can receive loading factor data for 
one or more legacy cells that can be provided by one or more 
control entities, such as control entity 408, RNC 510, BSC 
516, and/or the like, such as via an interface 410. The serving 
eNB can derive loading information for its neighbor cells 
(e.g., both LTE and legacy neighbor cells) from the received 
loading factor data, and can include the derived loading infor 
mation in a message that can be received by the wireless 
communication device 102. 

0065 FIG. 6 illustrates a block diagram of an apparatus 
600 that can be implemented on a wireless communication 
device 102 in accordance with some example embodiments. 
In this regard, when implemented on a computing device, 
such as wireless communication device 102, apparatus 600 
can enable the computing device to operate within one or 
more of the system 100, system 200, system 400, or system 
500 in accordance with one or more example embodiments. It 
will be appreciated that the components, devices or elements 
illustrated in and described with respect to FIG. 6 below may 
not be mandatory and thus some may be omitted in certain 
embodiments. Additionally, some embodiments can include 
further or different components, devices or elements beyond 
those illustrated in and described with respect to FIG. 6. 
0066. In some example embodiments, the apparatus 600 
can include processing circuitry 610 that is configurable to 
perform actions in accordance with one or more example 
embodiments disclosed herein. In this regard, the processing 
circuitry 610 can be configured to perform and/or control 
performance of one or more functionalities of the apparatus 
600 and, thus, of the wireless communication device 102 in 
accordance with various example embodiments, and thus can 
provide means for performing functionalities of the wireless 
communication device 102 in accordance with various 
example embodiments. The processing circuitry 610 can be 
configured to perform data processing, application execution 
and/or other processing and management services according 
to one or more example embodiments. 
0067. In some embodiments, the apparatus 600 or a por 
tion(s) or component(s) thereof. Such as the processing cir 
cuitry 610, can include one or more chipsets, which can each 
include one or more chips. The processing circuitry 610 and/ 
or one or more further components of the apparatus 600 can 
therefore, in some instances, be configured to implement an 
embodiment on a chipset. In some example embodiments in 
which one or more components of the apparatus 600 are 
embodied as a chipset, the chipset can be capable of enabling 
a computing device to operate in one or more of the system 
100, system 200, system 400, or system 500 when imple 
mented on or otherwise operably coupled to the computing 
device. Thus, for example, one or more components of the 
apparatus 600 can provide a cellular baseband chipset that can 
enable a computing device to operate over one or more cel 
lular networks. 

0068. In some example embodiments, the processing cir 
cuitry 610 can include a processor 612 and, in some embodi 
ments, such as that illustrated in FIG. 3, can further include 



US 2014/O128074 A1 

memory 614. The processing circuitry 610 can be in commu 
nication with or otherwise control a transceiver(s) 616 and/or 
selection control module 618. 

0069. The processor 612 can be embodied in a variety of 
forms. For example, the processor 612 can be embodied as 
various hardware-based processing means such as a micro 
processor, a coprocessor, a controller or various other com 
puting or processing devices including integrated circuits 
Such as, for example, an ASIC (application specific integrated 
circuit), an FPGA (field programmable gate array), some 
combination thereof, or the like. Although illustrated as a 
single processor, it will be appreciated that the processor 612 
can comprise a plurality of processors. The plurality of pro 
cessors can be in operative communication with each other 
and can be collectively configured to perform one or more 
functionalities of the apparatus 600 as described herein. In 
Some example embodiments, the processor 612 can be con 
figured to execute instructions that can be stored in the 
memory 614 or that can be otherwise accessible to the pro 
cessor 612. As such, whether configured by hardware or by a 
combination of hardware and software, the processor 612 
capable of performing operations according to various 
embodiments while configured accordingly. 
0070. In some example embodiments, the memory 614 
can include one or more memory devices. Memory 614 can 
include fixed and/or removable memory devices. In some 
embodiments, the memory 614 can provide a non-transitory 
computer-readable storage medium that can store computer 
program instructions that can be executed by the processor 
612. In this regard, the memory 614 can be configured to store 
information, data, applications, instructions and/or the like 
for enabling the apparatus 600 to carry out various functions 
in accordance with one or more example embodiments. In 
Some embodiments, the memory 614 can be in communica 
tion with one or more of the processor 612, transceiver(s) 616, 
or selection control module 618 via a bus (or buses) for 
passing information among components of the apparatus 600. 
0071. The apparatus 600 can further include transceiver(s) 
616. The transceiver(s) 616 can enable the apparatus 600 to 
send wireless signals to and receive signals from one or more 
wireless networks. In this regard, the transceiver(s) 616 can 
be configured to Support a connection between the wireless 
communication device 102 and one or more cellular network. 
More particularly, the transceiver(s) 316 can be configured to 
send data to and receive data from a base station, Such as 
serving base station 104, neighbor cell base station 106, serv 
ing eNB 204, neighbor eNB 206, serving eNB 404, legacy 
RAT base station 406, serving eNB 504, neighbor node B 
508, neighbor BTS 514, and/or other base station. As such, 
the transceiver(s) 616 can be configured to support any type of 
cellular or other type of RAT that can be implemented in the 
system 100, system 200, system 400, and/or system 500. 
0072 The apparatus 600 can further include selection con 

trol module 618. The selection control module 618 can be 
embodied as various means, such as circuitry, hardware, a 
computer program product comprising computer readable 
program instructions stored on a computer readable medium 
(for example, the memory 614) and executed by a processing 
device (for example, the processor 612), or some combination 
thereof. In some embodiments, the processor 612 (or the 
processing circuitry 610) can include, or otherwise control 
the selection control module 618. As will be described further 
herein below, the selection control module 618 of some 
example embodiments can be configured to select a neighbor 
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cell as a target cell for transition based at least in part on 
loading information that can be provided by a serving base 
station in accordance with one or more example embodi 
mentS. 

0073 FIG. 7 illustrates a block diagram of an apparatus 
700 that can be implemented on a base station in accordance 
with some example embodiments. In this regard, the appara 
tus 700 can be implemented on a base station, such as serving 
base station 104, serving eNB 204, serving eNB 404, serving 
eNB 505, and/or the like that can be configured to provide 
loading information for one or more neighbor cells to the 
wireless communication device 102 in accordance with one 
or more example embodiments. It will be appreciated that the 
components, devices or elements illustrated in and described 
with respect to FIG. 7 below may not be mandatory and thus 
Some may be omitted in certain embodiments. Additionally, 
some embodiments can include further or different compo 
nents, devices or elements beyond those illustrated in and 
described with respect to FIG. 7. 
0074. In some example embodiments, the apparatus 700 
can include processing circuitry 710 that is configurable to 
perform actions in accordance with one or more example 
embodiments disclosed herein. In this regard, the processing 
circuitry 710 can be configured to perform and/or control 
performance of one or more functionalities of the apparatus 
700 in accordance with various example embodiments, and 
thus can provide means for performing functionalities of a 
serving base station, Such as serving base station 104, serving 
eNB 204, serving eNB404, serving eNB505, and/or the like 
in accordance with various example embodiments. The pro 
cessing circuitry 710 can be configured to perform data pro 
cessing, application execution and/or other processing and 
management services according to one or more example 
embodiments. 
0075. In some embodiments, the apparatus 700 or a por 
tion(s) or component(s) thereof. Such as the processing cir 
cuitry 710, can include one or more chipsets, which can each 
include one or more chips. The processing circuitry 710 and/ 
or one or more further components of the apparatus 700 can 
therefore, in some instances, be configured to implement an 
embodiment on a chipset. 
0076. In some example embodiments, the processing cir 
cuitry 710 can include a processor 712 and, in some embodi 
ments, such as that illustrated in FIG. 7, can further include 
memory 714. The processing circuitry 710 can be in commu 
nication with or otherwise control a communication interface 
716 and/or loading information provision module 718. 
(0077. The processor 712 can be embodied in a variety of 
forms. For example, the processor 712 can be embodied as 
various hardware-based processing means such as a micro 
processor, a coprocessor, a controller or various other com 
puting or processing devices including integrated circuits 
Such as, for example, an ASIC (application specific integrated 
circuit), an FPGA (field programmable gate array), some 
combination thereof, or the like. Although illustrated as a 
single processor, it will be appreciated that the processor 712 
can comprise a plurality of processors. The plurality of pro 
cessors can be in operative communication with each other 
and can be collectively configured to perform one or more 
functionalities of the apparatus 700 as described herein. In 
embodiments including a plurality of processors, the proces 
sors can be implemented on a single computing device, or can 
be distributed across a plurality of computing devices that can 
be collectively configured to provide functionality of the 
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apparatus 700 in accordance with some example embodi 
ments. In some example embodiments, the processor 712 can 
be configured to execute instructions that can be stored in the 
memory 714 or that can be otherwise accessible to the pro 
cessor 712. As such, whether configured by hardware or by a 
combination of hardware and software, the processor 712 
capable of performing operations according to various 
embodiments while configured accordingly. 
0078. In some example embodiments, the memory 714 
can include one or more memory devices. In embodiments 
including multiple memory devices, the memory devices can 
be implemented on a single computing device, or can be 
distributed across a plurality of computing devices that can be 
collectively configured to provide functionality of the appa 
ratus 700 in accordance with some example embodiments. 
Memory 714 can include fixed and/or removable memory 
devices. In some embodiments, the memory 714 can provide 
a non-transitory computer-readable storage medium that can 
store computer program instructions that can be executed by 
the processor 712. In this regard, the memory 714 can be 
configured to store information, data, applications, instruc 
tions and/or the like for enabling the apparatus 700 to carry 
out various functions in accordance with one or more 
example embodiments. In some embodiments, the memory 
714 can be in communication with one or more of the pro 
cessor 712, communication interface 716, or loading infor 
mation provision module 718 via a bus (or buses) for passing 
information among components of the apparatus 700. 
007.9 The apparatus 700 can further include a communi 
cation interface 716. The communication interface 716 can, 
for example, be configured to enable a base station on which 
the apparatus 700 can be implemented to communicate with 
one or more wireless communication devices that can be 
served by the base station. For example, the communication 
interface 716 can include a transceiver(s) enabling commu 
nication with one or more wireless communication devices 
102 in a cell that can be served by a base station on which the 
apparatus 700 can be implemented. As such, the communi 
cation interface 716 can be configured to send messages that 
can include loading information in accordance with one or 
more embodiments. The communication interface 716 can 
additionally or alternatively include one or more interface 
mechanisms for enabling communication with other devices 
and/or networks. In this regard, the communication interface 
716 can include hardware and/or supporting software for 
enabling communication with one or more network entities, 
Such as another base station (e.g., via interface 208), a control 
entity 408 (e.g., via interface 410), an RNC 510, BSC 516, 
and/or other network entity that can be configured to provide 
access to loading factor data for neighboring cells. By way of 
non-limiting example, the communication interface 716 can 
include a communication modem or other hardware/software 
for Supporting communication via cable, digital Subscriber 
line (DSL), universal serial bus (USB), Ethernet or other 
wireline networking methods for Supporting communication 
with one or more further networks and/or network entities. 

0080. The apparatus 700 can further include loading infor 
mation provision module 718. The loading information pro 
vision module 718 can be embodied as various means, such as 
circuitry, hardware, a computer program product comprising 
computer readable program instructions stored on a computer 
readable medium (for example, the memory 714) and 
executed by a processing device (for example, the processor 
712), or some combination thereof. In some embodiments, 
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the processor 712 (or the processing circuitry 710) can 
include, or otherwise control the loading information provi 
sion module 718. The loading information provision module 
718 in accordance with some example embodiments can be 
configured to derive loading information based on received 
loading factor data for one or more neighbor cells. The load 
ing information provision module 718 can be further config 
ured to generate a message including the derived loading 
information, which can be sent by a base station on which the 
apparatus 700 can be implemented Such that the message can 
be received by a wireless communication device 102 operat 
ing within a cell served by the base station. 
I0081 FIG. 8 illustrates a block diagram of an apparatus 
800 that can be implemented on a network entity that can be 
configured to provide neighbor cell loading information to a 
base station in accordance with some example embodiments. 
For example, the apparatus 800 can be implemented on a base 
station, such as neighbor eNB 206 that can be configured to 
communicate directly with another base station, such as via 
the interface 208. As another example, the apparatus 800 can 
be implemented on a control entity, such as control entity 408, 
RNC 510, BSC 516, and/or the like that can be configured to 
collect loading factor data for one or more base stations and to 
make that that loading factor data available to one or more 
further base stations. It will be appreciated that the compo 
nents, devices or elements illustrated in and described with 
respect to FIG. 8 below may not be mandatory and thus some 
may be omitted in certain embodiments. Additionally, some 
embodiments can include further or different components, 
devices or elements beyond those illustrated in and described 
with respect to FIG.8. Moreover, in some example embodi 
ments, one or more components of the apparatus 800 can be 
distributed across multiple network entities, which can be 
configured to collectively provide functionality of the appa 
ratus 800 in accordance with one or more example embodi 
mentS. 

I0082 In some example embodiments, the apparatus 800 
can include processing circuitry 810 that is configurable to 
perform actions in accordance with one or more example 
embodiments disclosed herein. In this regard, the processing 
circuitry 810 can be configured to perform and/or control 
performance of one or more functionalities of the apparatus 
800 in accordance with various example embodiments, and 
thus can provide means for performing functionalities of a 
neighbor eNB 206, control entity 408, RNC 510, BSC 516, 
and/or other network entity that can be configured to provide 
loading factor data for one or more base stations to one or 
more further base stations in accordance with various 
example embodiments. The processing circuitry 810 can be 
configured to perform data processing, application execution 
and/or other processing and management services according 
to one or more example embodiments. 
I0083. In some embodiments, the apparatus 800 or a por 
tion(s) or component(s) thereof. Such as the processing cir 
cuitry 810, can include one or more chipsets, which can each 
include one or more chips. The processing circuitry 810 and/ 
or one or more further components of the apparatus 800 can 
therefore, in some instances, be configured to implement an 
embodiment on a chipset. 
I0084. In some example embodiments, the processing cir 
cuitry 810 can include a processor 812 and, in some embodi 
ments, such as that illustrated in FIG. 8, can further include 
memory 814. The processing circuitry 810 can be in commu 
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nication with or otherwise control a communication interface 
816 and/or loading information distribution module 818. 
0085. The processor 812 can be embodied in a variety of 
forms. For example, the processor 812 can be embodied as 
various hardware-based processing means such as a micro 
processor, a coprocessor, a controller or various other com 
puting or processing devices including integrated circuits 
Such as, for example, an ASIC (application specific integrated 
circuit), an FPGA (field programmable gate array), some 
combination thereof, or the like. Although illustrated as a 
single processor, it will be appreciated that the processor 812 
can comprise a plurality of processors. The plurality of pro 
cessors can be in operative communication with each other 
and can be collectively configured to perform one or more 
functionalities of the apparatus 800 as described herein. In 
embodiments including a plurality of processors, the proces 
sors can be implemented on a single computing device, or can 
be distributed across a plurality of computing devices that can 
be collectively configured to provide functionality of the 
apparatus 800 in accordance with some example embodi 
ments. In some example embodiments, the processor 812 can 
be configured to execute instructions that can be stored in the 
memory 814 or that can be otherwise accessible to the pro 
cessor 812. As such, whether configured by hardware or by a 
combination of hardware and software, the processor 812 
capable of performing operations according to various 
embodiments while configured accordingly. 
I0086. In some example embodiments, the memory 814 
can include one or more memory devices. In embodiments 
including multiple memory devices, the memory devices can 
be implemented on a single computing device, or can be 
distributed across a plurality of computing devices that can be 
collectively configured to provide functionality of the appa 
ratus 800 in accordance with some example embodiments. 
Memory 814 can include fixed and/or removable memory 
devices. In some embodiments, the memory 814 can provide 
a non-transitory computer-readable storage medium that can 
store computer program instructions that can be executed by 
the processor 812. In this regard, the memory 814 can be 
configured to store information, data, applications, instruc 
tions and/or the like for enabling the apparatus 800 to carry 
out various functions in accordance with one or more 
example embodiments. In some embodiments, the memory 
814 can be in communication with one or more of the pro 
cessor 812, communication interface 816, or loading infor 
mation distribution module 818 via a bus (or buses) for pass 
ing information among components of the apparatus 800. 
0087. The apparatus 800 can further include a communi 
cation interface 816. The communication interface 816 can, 
for example, be configured to enable a network entity, Such as 
a base station (e.g., neighbor eNB 206 and/or the like) or 
control entity (e.g., control entity 408, RNC 510, BSC 516, 
and/or the like), on which the apparatus 800 can be imple 
mented to communicate with one or more further network 
entities. For example, the communication interface 816 can 
be configured to receive loading factor data for one or more 
base stations and/or to send loading factor data to another 
network entity, Such as to one or more base stations in accor 
dance with one or more embodiments. As such, it will be 
appreciated that the communication interface 816 can include 
one or more interface mechanisms for enabling communica 
tion with other devices and/or networks. By way of non 
limiting example, the communication interface 816 can 
include a communication modem or other hardware/software 
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for Supporting communication via cable, digital Subscriber 
line (DSL), universal serial bus (USB), Ethernet or other 
wireline networking methods for Supporting communication 
with one or more further networks and/or network entities. 
I0088. The apparatus 800 can further include loading infor 
mation distribution module 818. The loading information 
distribution module 818 can be embodied as various means, 
Such as circuitry, hardware, a computer program product 
comprising computer readable program instructions stored 
on a computer readable medium (for example, the memory 
814) and executed by a processing device (for example, the 
processor 812), or some combination thereof. In some 
embodiments, the processor 812 (or the processing circuitry 
810) can include, or otherwise control the loading informa 
tion distribution module 818. The loading information distri 
bution module 818 in accordance with some example 
embodiments can be configured to provide loading factor data 
for one or more base stations to one or more further base 
stations in accordance with various example embodiments. In 
this regard, the loading information distribution module 818 
can, for example, be configured to provide loading factor data 
for one or more neighbor cells to a serving cell of the wireless 
communication device 102 to enable a serving base station 
for the wireless communication device 102 to provide neigh 
bor cell loading information to the wireless communication 
device 102 in accordance with one or more example embodi 
mentS. 

I0089. The loading factor data that can be provided to a 
base station by the loading information distribution module 
818 can include any loading factor data that can be indicative 
of a loading factor for a cell. In this regard, loading factor can 
be indicative of loading on a cell, which can be indicative of 
how many wireless communication devices are connected to 
(e.g., served by) the cell. By way of non-limiting example, the 
loading factor data can include a number of wireless commu 
nication devices on the cell, an indication of a percentage/ 
amount of a resource(s) available on the cell, an indication of 
a percentagefamount of a resource(s) allocated on the cell, an 
indication of an interference or noise floor observed in the 
cell, and/or other data that can be indicative of a loading factor 
for a cell. In some example embodiments, the loading factor 
data can vary depending on a RAT implemented by a cell for 
which the data is provided. 
0090. For example, loading factor data that can be pro 
vided for an LTE cell can include one or more of an indication 
of radio bearer (RB) utilization, such as an indication of a 
number of RBs allocated per UE in the cell on average; an 
indication of an uplink (UL) noise level; an indication of 
interference per RB; an indication of signal to noise ration 
(SNR) per RB; an indication of a number of active UEs on the 
cell; an indication of a number of idle UEs on the cell; and/or 
other data that can be indicative of a loading factor for an LTE 
cell. 

0091. As another example, loading factor data that can be 
provided for a UMTS cell can include one or more of an 
indication of orthogonal code availability, an indication of 
available forward (Fwd) power on the cell, an indication of a 
Rise over Thermal (RoT) value for the cell, an indication of a 
number of active UEs on the cell, an indication of a number of 
passive UEs on the cell, and/or other data that can be indica 
tive of a loading factor for a UMTS cell. 
0092. As still a further example, loading factor data that 
can be provided for a CDMA2000 cell can include one or 
more of a slot utilization factor for the cell, such as a number 
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of slots allocated and/or available, a percentage of slots allo 
cated and/or available, and/or the like; an indication of the 
Forward Traffic Valid (FTValid) bits for the cell; an indication 
of an RoT value for the cell; an indication of an FRAB for the 
cell; and/or other data that can be indicative of a loading factor 
for a CDMA2000 cell. 
0093. The loading factor data that can be provided for a 
cell by the loading information distribution module 818 can 
be associated with a cell identifier for the cell, such as a Cell 
ID (CID), physical cell ID, a pseudo noise (PN) code, and/or 
other type of cell identifier that can be used to uniquely 
identify the cell within a network or portion thereof. The type 
of cell identifier that can be used in accordance with some 
example embodiments can vary depending on a type of RAT 
used by the cell, as, in some cases, different RATS can use 
different forms of identifiers for cells. As such, it will be 
appreciated that any type of identification system that can be 
used to name, identify, and/or otherwise distinguish cells 
within a network or portion thereof can be used in accordance 
with various example embodiments. 
0094 FIG. 9 illustrates a flowchart according to an 
example method for providing neighbor cell loading infor 
mation to a base station in accordance with some example 
embodiments. In this regard, FIG. 9 illustrates operations that 
can be performed by an apparatus 800, such as can be imple 
mented on a base station, Such as neighbor cell base station 
106 or neighbor eNB 206, and/or on a control entity, such as 
control entity 408, RNC 510, BSC 516, and/or the like, which 
can be configured to provide neighbor cell loading factor to a 
base station, such as serving base station 104, Serving eNB 
204, serving eNB 404, serving eNB 504, and/or the like in 
accordance with one or more example embodiments. One or 
more of processing circuitry 810, processor 812, memory 
814, communication interface 816, or loading information 
distribution module 818 can, for example, provide means for 
performing one or more of the operations illustrated in and 
described with respect to FIG.9. 
0095 Operation 900 can include determining loading fac 
tor data for one or more cells neighboring a cell associated 
with a base station. For example, in an instance in which 
operation 900 is being performed by a base station, such as 
neighbor cell base station 106, neighbor eNB 206, and/or the 
like, operation 900 can include the base station determining 
loading factor data indicative of its current loading. As 
another example, in an instance in which operation 900 is 
being performed by a control entity, Such as control entity 
408, RNC 510, BSC 516, and/or other control entity that can 
be configured to control operation of one or more base sta 
tions within a RAN, the control entity can be configured to 
receive loading factor data from and/or otherwise determine 
loading factor data for base stations within the RAN con 
trolled by the control entity. 
0096 Operation 910 can include making the determined 
loading factor data available to the base station. The loading 
factor data made available for a particular cell can be associ 
ated with a cell identifier for the cell so that the loading factor 
data can be correlated to the appropriate neighbor cell by the 
base station. 

0097. In some example embodiments, operation 910 can 
include autonomously sending loading factor data that can be 
determined in operation 900 to a base station(s). For example, 
a message including the loading factor data can be sent over 
an interface via which it can be received by one or more base 
stations, such as, by way of non-limiting example, over the 
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network 108, the interface 208, the interface 410, and/or the 
like. In such example embodiments, the loading factor data 
can be sent to a base station on a scheduled basis or periodic 
basis. As another example, in Some example embodiments, 
loading factor data can additionally or alternatively be sent to 
a base station on an aperiodic basis, such as in response to a 
change or other update to previously provided loading factor 
data. 
0098. In some example embodiments in which operation 
910 includes autonomously sending loading factor data, a 
message(s) including the loading factor data can be a generic 
message including loading factor data for cells known to the 
network entity performing operation 910 without regard for 
whether the cells are neighbor cells for a base station that can 
receive the message. For example, a message including load 
ing factor data can be sent over an interface via which the 
message can be received by one or more base stations whose 
identity may not be known to the network entity that can 
perform operation 910. 
0099. Alternatively, in some example embodiments, 
operation 910 can include sending a message addressed to or 
otherwise designated for a particular base station, which can 
include loading factor data only for a cell(s) that neighbors the 
designated base station. In Such example embodiments, the 
network entity performing operation 910 can have knowledge 
of a network deployment structure, and thus can be aware of 
the identities of neighbor cells for a particular base station. 
0100. In some such example embodiments, a message 
including loading factor data that can be sent to a base station 
attendant to performance of operation 910 can include a 
sequence number or other version information. If the loading 
factor data has been updated since a most recently sent mes 
sage, then the sequence number can be incremented or oth 
erwise changed to reflect that the message includes updated 
loading factor data. If, however, the message includes only 
loading factor data that is identical to the most recently sent 
message, then the sequence number from the most recently 
sent message can be repeated. As such, a base station receiv 
ing the message can use the sequence number to determine 
whether the message includes updated loading factor data 
that should be read from the message and processed to derive 
updated loading information for provision to one or more 
wireless communication devices that can be served by the 
base station. Thus, for example, if a message having a 
sequence number duplicative of a previously received mes 
sage is seen by the base station, the base station can ignore the 
message. 

0101. In some example embodiments, operation 910 can 
include sending loading factor data to a base station in 
response to a request or other query that can be received from 
the base station. In Such example embodiments, a base sta 
tion, such as serving base station 104, serving eNB 204, 
serving eNB 404, serving eNB 504, and/or the like can be 
configured to send a request for loading factor data, and 
operation 910 can be performed in response to the request. In 
Some Such embodiments, the request from the base station 
can specify one or more specific neighbor cells for the base 
station, and the response can include loading factor data for 
the requested neighbor cell(s). As another example, in some 
Such example embodiments, the request may not specify any 
particular neighbor cells for the requesting base station, but 
the network entity performing operation 910 can be aware of 
the identity of one or more neighbor cells of the base station 
and can provide loading factor data only for a cell(s) that 
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neighbors the requesting base station. As still a further 
example, in Some Such embodiments, the request can be a 
general request for loading factor data, and the response can 
include loading factor data for all cells known to the network 
entity performing operation 910 regardless of whether the 
cells are neighbor cells for the requesting base station. 
0102) A base station (e.g., serving base station 104, serv 
ing eNB 204, serving eNB 404, serving eNB504, and/or the 
like) serving the wireless communication device 102 can 
receive loading factor data for one or more neighbor cells that 
can be provided or otherwise made available by a network 
entity, such as another base station (e.g., a neighbor cell base 
station 106, neighbor eNB 204, and/or the like) and/or a 
control entity (e.g., control entity 408, RNC 510, BSC 516, 
and/or the like). Such as attendant to performance of operation 
910. A loading information provision module 718 that can be 
associated with the base station can be configured to derive 
loading information for one or more neighbor cells from the 
received loading factor data. In this regard, the loading infor 
mation provision module 718 can be configured to process the 
loading factor data into a form that can be inserted into a 
message that can be sent to and interpreted by the wireless 
communication device 102 so that the wireless communica 
tion device 102 can determine a loading factor for one or more 
neighbor cells and select a target cell for transition based at 
least in part on the loading information. 
0103) In some example embodiments, the derived loading 
information can include loading information defined in the 
same form and/or metric(s) as at least a portion of the loading 
factor data received by the base station. Additionally or alter 
natively, in Some example embodiments, deriving the loading 
information can include deriving a new and/or otherwise 
modified loading information metric from the received load 
ing factor data, which can be interpreted by the wireless 
communication device 102. For example, the derived loading 
information can include a metric indicative of a loading factor 
for a cell that can be derived from a received slot utilization 
factor and/or FTValid bits. 

0104. The loading information provision module 718 can 
be further configured to generate a message including the 
derived loading information. In this regard, the loading infor 
mation provision module 718 can, for example, generate a 
message including one or more information elements includ 
ing loading information indicative of a loading factor(s) for a 
neighbor cell(s). For example, the generated message can 
include a list identifying one or more neighbor cells (e.g., a 
neighbor cell list) along with loading information indicative 
of a loading factor associated with each of one or more of the 
identified neighbor cells. As an example, the message can list 
a series of one or more cell identifiers, such as CIDs, PN 
codes, and/or the like, for one or more neighbor cells along 
with an associated loading factor indication for each of one or 
more of the listed cell identifiers. 

0105. In some example embodiments, the loading infor 
mation can be organized based within one or more messages 
based on neighbor cell characteristics, such as RAT type 
and/or frequency characteristics. For example, loading infor 
mation for any intra-frequency neighbor cells can be grouped 
into one set of neighbor cell loading information. Loading 
information for any inter-frequency neighbor cells can be 
grouped into another set of neighbor cell loading information. 
Loading information for any neighbor cells implementing a 
UMTS RAT can be grouped into a further set of neighbor cell 
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loading information. Loading information for any neighbor 
cells implementing a GSMRAT can be grouped into still a 
further set of neighbor cell loading information. Loading 
information for any neighbor cells implementing a 
CDMA2000 RAT can be grouped into yet another set of 
neighbor cell loading information. 

0106 The loading information provision module 718 can 
be further configured to cause a base station on which the 
apparatus 700 can be implemented to send a message con 
taining loading information Such that it is receivable by at 
least one wireless communication device in the cell served by 
the base station. In some example embodiments, the message 
can be sent (e.g., via unicast, multicast, or the like) to one or 
more specifically designated wireless communication 
devices, such as the wireless communication device 102, that 
can be served by the base station. Additionally or alterna 
tively, in Some embodiments, the message can be broadcast 
by the base station such that it can be received by any wireless 
communication device operating within the cell. 
0107 FIG. 10 illustrates a flowchart according to an 
example method for facilitating a cell transition decision 
based on cell loading in accordance with some example 
embodiments. In this regard, FIG. 10 illustrates operations 
that can be performed by a base station, such as serving base 
station 104, serving eNB 204, serving eNB404, serving eNB 
504, and/or the like in accordance with some example 
embodiments. One or more of processing circuitry 710, pro 
cessor 712, memory 714, communication interface 716, or 
loading information provision module 718 can, for example, 
provide means for performing one or more of the operations 
illustrated in and described with respect to FIG. 10. 
0.108 Operation 1000 can include a base station receiving 
loading factor data for one or more neighbor cells. The 
received loading factor data can, for example, be provided by 
a network entity, Such as another base station (e.g., neighbor 
cell base station 106, neighbor eNB 206, and/or the like) 
and/or a control entity (e.g., control entity 408, RNC 510, 
BSC 516, and/or the like), attendant to performance of opera 
tion 910 by the network entity. In some example embodi 
ments in which a base station can serve multiple cells, opera 
tion 1000 can further include the base station determining 
loading factor data for one or more second cells served by the 
base station that neighbor a first cell served by the base 
station. 

0109 Operation 1010 can include the base station deriv 
ing loading information from the loading factor data received 
and/or otherwise determined by the base station in operation 
1000. Operation 1020 can include the base station generating 
a message including at least a portion of the derived loading 
information. Operation 1030 can include the base station 
sending the message such that the message is receivable by at 
least one wireless communication device operating within the 
cell served by the base station. 
0110. In some example embodiments, the message that 
can be generated and sent by a base station, Such as attendant 
to performance of operations 1020 and 1030 can be a system 
information message that can be broadcast by the base sta 
tion. In this regard, Some example embodiments include load 
ing information for one or more neighbor cells in a broadcast 
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system information message. For example, loading informa 
tion can be inserted into one or more system information 
blocks (SIBs) in accordance with some example embodi 
ments. In some example embodiments, loading information 
can be inserted into one or more SIBs that can be used to 
provide reselection information to wireless communication 
devices, such as, by way of non-limiting example one or more 
of SIBs 3-8. In some example embodiments, neighbor cell 
loading information can be organized into one or more SIBS 
based at least in part on neighbor cell characteristics, such as 
RAT type and/or frequency characteristics. 
0111 For example, in some example embodiments, load 
ing information for any intra-frequency neighbor cells can be 
inserted into a SIB 4. As a further example, in some example 
embodiments, loading information for any inter-frequency 
neighbor cells can be inserted into a SIB 5. As another 
example, in Some example embodiments, loading informa 
tion for any neighbor cells implementing a UMTS RAT can 
be inserted into a SIB 6. As still a further example, in some 
example embodiments, loading information for any neighbor 
cells implementing a GSMRAT can be inserted into a SIB 7. 
As yet another example, in some example embodiments, 
loading information for any neighbor cells implementing a 
CDMA2000 RAT can be inserted into a SIB 8. 
0112 A non-limiting example SIB 4 including loading 
information for intra-frequency neighbor cells in accordance 
with Some Such example embodiments can be defined as 
follows, with loading information that can be added to the SIB 
4 in accordance with Such embodiments underlined and itali 
cized: 

InterFreqCarrierFreqInfo 
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SIB4: 

intraFreqNeighCellList 
1-16 instances 

List of intra-frequency neighboring cells with specific cell re-selection 
parameters 
IntraFreqNeighCellInfo 

physCellId Physical CellID of the neighbor cell 
q-OffsetCell specifies the offset between the two cells. 
Value -24 - +24dB 

Loading - RB Utilization, UL noise level, Interference per RB, SNR 
per RB, # of Active UEs, # of Idle UES, and/or 
other loading information 

intraFreqBlackCellList 
1-16 instances 

List of blacklisted intra-frequency neighboring cells. These type of cells 
are not considered for cell re-selection 

csg PhysCellIdRange Set of physical cell identities reserved for CSG 
cells on the frequency on which this field was received. The 
received csg-PhysCellIdRange applies if less than 24 hours has 
elapsed since it was received and it was received in the same 
primary PLMN. This field is Optional (mandatory for CSG cell) 

0113. A non-limiting example SIB 5 including loading 
information for inter-frequency neighbor cells in accordance 
with some such example embodiments can be defined as 
follows, with loading information that can be added to the SIB 
5 in accordance with such embodiments underlined and itali 
cized: 

SIBS: 

can be specified up to 8 carrier frequencies 
di-CarrierFreq carrier frequency helps the UE to search the cells 
q-RXLev Min minimum RSRP value of the inter-frequency cell. Value -70 to 
-22 dBm. 

Actual value: signaled value * 2 
p-Max maximum allowed UL transmit power of the cell 
t-ReselectionEUTRA defines the time to trigger for cell reselection. Value 0 to 7 sec. 
t-ReselectionEUTRA-SF scaling factors for Medium and High mobility 
threshX-High # Threshold (in dB) used by UE for cell re-selection to a HIGHER priority 
# The Srxlev of the candidate cell is greater then threshX High 
# Value 0 to 31 dB. Actual value= Signaled value * 2 
threshX-Low # Threshold (in dB) used by UE for cell re-selection to a LOWER priority 
# Cell re-selection is allowed only when Srxlev of the candidate cell is greater then 

threshX Low and RSRP of serving cell is less than the value of 
Thresh Serving Low singaled within SIB3 

# Value 0 to 31 dB. Actual value= Signaled value * 2 
allowedMeasBandwidth defined in terms of Resource blocks associated with a 

specific channel bandwidth 
cellReselectionPriority 
neighCellConfig 

defines the Absolute priority of the frequency layer 
information regarding the neighboring cells 

q-OffsetFreq defines the RSRP measurement offset, applied to all cells on the specified 
RF carrier 

Loading - RB Utilization, UL noise level, Interference per RB, SNR perRB, # of Active 
UEs, # of Idle UEs, and/or other loading information 

interFreqBlackCellList the mentioned cells are not considered for cell reselection 
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0114. A non-limiting example SIB 6 including loading 
information for UMTS neighbor cells in accordance with 
Some such example embodiments can be defined as follows, 
with loading information that can be added to the SIB 6 in 
accordance with Such embodiments underlined and itali 
cized: 

SIB6: 

carrierFreqListUTRA FDDTDD Information specified for up to 16 instances of RF 
carriers for FDD or TDD 

carrierFreq carrier frequency helps the UE to search 
cellReselectionPriority defines the absolute priority of the UMTS. Value 

the lowest priority 
O-7, O is 

Loading. Orthogonal Code availability, Available Fwd power, Rise over Thermal 
value, # of Active UEs, # of passive UES, and/or other loading information 

threshX High # Threshold (in dB) used by UE for cell re-selection to a 
priority UMTS frequency 

# The Srxlev of the candidate cell is greater then threshX High 
# Value 0 to 31 dB. Actual value= Signaled value * 2 

threshX Low # Threshold (in dB) used by UE for cell re-selection to 
priority UMTS frequency 

# Cell re-selection is allowed only when Srxlev of the candidate cell is greate 

HIGHER 

a LOWER 

r then 
threshX Low and RSR of serving cell is less than the value of Thresh ServingLow 
signaled within SIB3 

# Value 0 to 31 dB. Actual value= Signaled value * 2 
q RXLevMin minimum RSCP requirement for candidate UMTS cell 

to -13 dB. Actual value= Signaled value * 2 +1 
p MaxValue applicable for the intra-frequency neighboring E-UTRA cell 

absent the UE applies the maximum power according to the UE capabili 
q QualMin # minimum Ec/Io requirement for candidate UMTS cell. 

Value -24 to 0 dB 
# applicable for FDD only 
t Reselection UTRA 
# value 0 - 7 seconds 
t ReselectionUTRA SF # defines the time to trigger cell re-selection 
# value 0 - 7 seconds 
# Scaling factors used for Medium and High mobility 

# defines the time to trigger cell re-selection 

. Value -60 

s. If 
ty 

# Scaling Factors value 0.25, 0.5,0.75, 1.0. These values decrease the value of 
T reselection which allows more rapid cell re-selections 

0115. A non-limiting example SIB 8 including loading 
information for CDMA2000 neighbor cells in accordance 
with Some Such example embodiments can be defined as 

follows, with loading information that can be added to the SIB 
8 in accordance with such embodiments underlined and itali 
cized: 

SIB8: 

SystemInformationBlockType8::= SEQUENCE { 
systemTimeInfo 

SystemTimeInfoCDMA2000 OPTIONAL - Need OR 
searchWindowSize INTEGER 

(0.15) OPTIONAL -- Need OR 
parametershRPD SEQUENCE { 

preRegistrationInfoHRPD PreRegistrationInfoHRPD, 
cellReselection ParametersFIRPD 

CellReSelectionParametersCDMA2000 OPTIONAL -- Need OR 

OPTIONAL -- Need OR 
parameters1XRTT SEQUENCE { 

csfb-Registration Param1XRTT CSFB 
Registration Param1XRTT OPTIONAL -- Need OP 

longCodeState1XRTT BIT STRING (SIZE 
(42)) OPTIONAL -- Need OR 

cellReselection Parameters1XRTT 
CellReSelectionParametersCDMA2000 OPTIONAL -- Need OR 

OPTIONAL -- Need OR 
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-continued 

SIB8: 

Cell Reselection ParametersCDMA2000::=SEQUENCE { 
bandOlassList BandClassListCDMA2000, 
neighCellList NeighCellList CDMA2000, 
t-Reselection CDMA2000 T-Reselection, 
t-Reselection CDMA2000-SF SpeedStateScaleFactors 
OPTIONAL -- Need OP 

NeighCellListCDMA2000::= SEQUENCE (SIZE (1.16)) OF 
NeighCellCDMA2000 
NeighCellCDMA2000::= SEQUENCE { 

bandOlass BandclassCDMA2000, 
neighCellsPerFreqList 

NeighCellsPerBandclassListCDMA2000 
Loading. Slot Utilization factor, Ro T, FRAB, HFTWalid Bit, and/or other loading 
information 

NeighCellsPerBandclassListCDMA2000::= SEQUENCE (SIZE (1.16)) OF 
NeighCellsPerBandclassCDMA2000 
NeighCellsPerBandclassCDMA2000::= SEQUENCE { 

8Cl ARFCN-ValueCDMA2000, 
physCellIdList PhysCell IdListCDMA2000 

PhysCell IdListCDMA2000::= SEQUENCE (SIZE (1.16)) OF 
PhysCell IdCDMA2000 
Band ClassListCDMA2000::= 
Band Class)) OF BandClassInfoCDMA2000 
Band ClassInfoCDMA2000::= SEQUENCE { 

bandOlass 
cellReselectionPriority 

CellReselectionPriority OPTIONAL -- Need OP 

SEQUENCE (SIZE (1...maxCDMA 

BandclassCDMA2000, 

threshX-High INTEGER(0.63), 
threshX-Low INTEGER (0.63), 

0116. As another example, in some example embodiments 
in which neighbor cell loading information for neighboring 
CDMA2000 cells can be included in a SIB 8, at least a portion 
of the loading information for a neighboring CDMA2000 
cell(s) can be included within the PhysCel 
IIDListCDMA2000 information element. In such example 
embodiment, the physical cell ID list can include a list of one 
or more PN codes with associated loading factor information. 
In this regard, each such PN code can identify a cell, sector, 
and/or other logical subdivision (collectively referred to 
herein as “cells' unless otherwise noted). For example, in 
Some Such embodiments 8 bits of loading information can be 
included for each PN code, such as in the following example: 

PN 1: XXXXXXXX (loading information indicating the loading factor for 
PN 1) 
PN 2: XXXXXXXX (loading information indicating the loading factor for 
PN2) 

PN n: XXXXXXXX (loading information indicating the loading factor for 
PN n) 

0117. It will be appreciated, however, that embodiments 
are not limited to the inclusion of 8bits of loading information 
for each cell or PN code. In this regard, fewer or additional 
bits can be used to indicate a loading factor for aparticular cell 
in accordance with Some such example embodiments in 
which neighbor cell loading information can be included in a 
PhysCellIDList CDMA2000 information element of a SIB 8. 
0118 FIG. 11 illustrates a flowchart according to another 
example method for facilitating a cell transition decision 

based on cell loading in accordance with some example 
embodiments. In this regard, FIG. 11 illustrates an embodi 
ment of the method of FIG. 10 in which cell loading infor 
mation can be broadcast in a system information message in 
accordance with some example embodiments. The operations 
illustrated in and described with respect to FIG. 11 can be 
performed by a base station, such as serving base station 104. 
serving eNB 204, serving eNB 404, serving eNB504, and/or 
the like in accordance with some example embodiments. One 
or more of processing circuitry 710, processor 712, memory 
714, communication interface 716, or loading information 
provision module 718 can, for example, provide means for 
performing one or more of the operations illustrated in and 
described with respect to FIG. 11. 
0119 Operation 1100 can include a base station receiving 
loading factor data for one or more neighbor cells. In this 
regard, operation 1100 can correspond to an embodiment of 
operation 1000. Operation 1110 can include the base station 
deriving loading information from the loading factor data 
received and/or otherwise determined by the base station in 
operation 1100. In this regard, operation 1110 can correspond 
to an embodiment of operation 1010. 
I0120 Operation 1120 can include the base station gener 
ating a system information message including at least a por 
tion of the derived loading information. In this regard, opera 
tion 1120 can correspond to an embodiment of operation 
1020 in which loading information can be included in a sys 
tem information message. 
I0121. In some example embodiments, operation 1120 can 
include inserting the loading information can be inserted into 
one or more SIBs that can form the system information mes 
sage. Such as, by way of non-limiting example one or more of 
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SIBs 3-8. For example, in some example embodiments, the 
loading information can be included in one or more SIBs that 
can be used to provide reselection information to wireless 
communication devices. 

0122. In some example embodiments, operation 1120 can 
include organizing the loading information within the system 
information message. Such as within one or more SIBs con 
tained therein, based at least in part on respective neighbor 
cell characteristics, such as RAT type and/or frequency char 
acteristics of the neighbor cells. For example, in some 
example embodiments, loading information for any intra 
frequency neighbor cells can be inserted into a SIB 4. As a 
further example, in Some example embodiments, loading 
information for any inter-frequency neighbor cells can be 
inserted into a SIB 5. As another example, in some example 
embodiments, loading information for any neighbor cells 
implementing a UMTS RAT can be inserted into a SIB 6. As 
still a further example, in Some example embodiments, load 
ing information for any neighbor cells implementing a GSM 
RAT can be inserted into a SIB 7. As yet another example, in 
Some example embodiments, loading information for any 
neighbor cells implementing a CDMA2000 RAT can be 
inserted into a SIB 8. 

0123 Operation 1130 can include the base station broad 
casting the system information message within the cell Such 
that it can be received by wireless communication devices 
operating within the cell served by the base station. In this 
regard, operation 1130 can correspond to an embodiment of 
operation 1030 in which a message including neighbor cell 
loading information can be broadcast by a base station. 
0.124. In some example embodiments in which loading 
information is broadcastina system information message, the 
loading information can, for example, be included in each 
system information message, or at least each system infor 
mation message of a type in which the loading information 
can be included, such as one or more of SIBs 3-8, that can be 
broadcast by the base station. Alternatively, the loading infor 
mation can be periodically included in broadcast system 
information messages, such as by way of non-limiting 
example, every fifth system information message that can be 
broadcast by the base station. In embodiments in which load 
ing information can be periodically broadcast, the wireless 
communication device 102 can accordingly be configured to 
recognize which system information messages will include 
loading information based on the periodic broadcast schedule 
that can be used by the serving base station. 
0.125. In some example embodiments, a broadcast system 
information message including neighbor cell loading infor 
mation can include a sequence number or other version infor 
mation. In this regard, in some such example embodiments, a 
sequence number and/or other version indication can be 
updated each time loading information in the message is 
updated. If, however, a system information message includes 
loading information that is identical to a most recently broad 
cast system information message, the sequence number of the 
prior system information message can be repeated so as to 
indicate that the system information message is duplicative of 
the prior system information message. As such, a wireless 
communication device 102 seeing the broadcast system infor 
mation message can recognize from the sequence number 
whether the system information message includes updated 
loading information that should be read by the wireless com 
munication device 102. In this regard, if a duplicate system 
information message is seen by the wireless communication 
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device 102, the wireless communication device 102 can 
ignore the system information message without expending 
resources reading the system information message. 
0.126 The selection control module 618 of a wireless com 
munication device 102 receiving a message including loading 
information sent by a base station can be configured to use the 
loading information to select a target cell for transition from 
the available neighbor cells. In this regard, for example, the 
selection control module 618 can be configured to prefer a 
cell having a lighter loading factor to a sector that is more 
heavily loaded. Additionally or alternatively, the selection 
control module 618 can be configured to eliminate a sector 
that is excessively loaded. For example, a cell having a load 
ing factor exceeding a threshold loading factor can be elimi 
nated from consideration in accordance with some example 
embodiments. 
I0127 FIG. 12 illustrates a flowchart according to an 
example method for making a cell transition decision based 
on cell loading in accordance with some example embodi 
ments. In this regard, FIG. 12 illustrates a method that can be 
performed by a wireless communication device 102 in accor 
dance with some example embodiments. One or more of 
processing circuitry 610, processor 612, memory 614, trans 
ceiver(s) 616, or selection control module 618 can, for 
example, provide means for performing one or more of the 
operations illustrated in and described with respect to FIG. 
12. 

I0128 Operation 1200 can include the wireless communi 
cation device 102 receiving a message including loading 
information indicative of a loading factor for each of at least 
one neighbor cell. The message can be a message sent by a 
serving base station, Such as serving base station 104, serving 
eNB 204, serving eNB 404, serving eNB 505, or the like. 
Operation 1210 can include the wireless communication 
device 102 reading at least a portion of the loading informa 
tion from the message. In some example embodiments, the 
message can be a message sent to (e.g., addressed to) the 
wireless communication device 102. Alternatively, in some 
example embodiments, the message can be a broadcast mes 
sage, such as a system information message, that can be 
broadcast within the serving cell by the serving base station. 
In this regard, the message that can be received in operation 
1200 can be a message that can be sent by a serving base 
station attendant to performance of operation 1030 or opera 
tion 1130. 

I0129 Operation 1220 can include the wireless communi 
cation device 102 selecting a target cell for transition based at 
least in part on the read loading information. In this regard, 
the wireless communication device 102 can evaluate candi 
date neighbor cells based on their respective loading factors 
and can select a candidate neighbor cell as a target cell for 
transition based at least in part on the evaluation. In some 
example embodiments, such as that illustrated in and 
described below with respect to FIG. 13, operation 1220 can 
include the wireless communication device 102 considering 
one or more further factors, such as one or more measured 
signal characteristics of candidate neighbor cells, in addition 
to the loading information in selecting the target cell. 
0.130. The method can optionally further include opera 
tion 1230, which can include the wireless communication 
device 102 participating in a transition from the serving cell to 
the selected target cell. In some instances, operation 1230 can 
include the wireless communication device 102 autono 
mously reselecting to the selected target cell. Alternatively, in 



US 2014/O128074 A1 

Some instances, operation 1230 can include the wireless com 
munication device 102 transitioning to the selected target cell 
under network direction and/or with network assistance, Such 
as through redirection or handover. For example, in some 
example embodiments, the wireless communication device 
102 can send a measurement report and/or other message to 
trigger the network to initiate a transition to the selected target 
cell. 

0131. In some example embodiments, the selection con 
trol module 618 can be configured to select a target cell based 
on measured signal characteristics of candidate neighbor 
cells in addition to received loading information. For 
example, the wireless communication device 102 can be con 
figured to measure one or more signal characteristics of a 
candidate neighbor cell. Such as a pilot strength measure 
ment, signal to noise ratio (SNR), signal to noise plus inter 
ference ratio (SINR), reference signal received power 
(RSRP), reference signal received quality (RSRO), received 
signal strength indicator (RSSI), received signal code power 
(RSCP), and/or other signal characteristic that can be mea 
sured or otherwise observed for a neighbor cell. The selection 
control module 618 of some example embodiments can 
accordingly be configured to factor both signal quality mea 
Surements and loading factors of neighboring cells when 
selecting a target cell. Thus, for example, while an example 
neighbor cell can have the best signal strength of neighboring 
cells based on measurements, if the neighbor cell is heavily 
loaded relative to one or more further neighbor cells offering 
a good signal quality, it can be eliminated from consideration. 
0132. In some embodiments, the selection control module 
618 can be configured to determine a selection favorability 
metric for a neighbor cell based on a combination of a mea 
Sured signal quality and a loading factor for the neighbor cell. 
For example, the selection control module 618 can be con 
figured to assign a first weight (e.g., a weight between 0 and 
1) to a loading factor for a cell and a second weight (e.g., a 
weight equal to 1—the first weight) to a measured signal 
quality of the cell. The selection favorability metric can 
accordingly be derived from the weighted combination of the 
loading factor and measured signal quality. The selection 
control module 618 can then compare the derived selection 
favorability metrics for candidate neighbor cells and select 
the candidate neighbor cell having the best selection 
favorability metric as the target cell for transition. 
0.133 FIG. 13 illustrates a flowchart according to another 
example method for making a cell transition decision based 
on cell loading in accordance with some example embodi 
ments. More particularly, FIG. 13 illustrates a method that 
can be performed by a wireless communication device 102 in 
accordance with some example embodiments of the method 
of FIG. 12 in which measured signal quality of one or more 
neighbor cells can be considered in addition to loading infor 
mation for the neighbor cells. One or more of processing 
circuitry 610, processor 612, memory 614, transceiver(s) 616, 
or selection control module 618 can, for example, provide 
means for performing one or more of the operations illus 
trated in and described with respect to FIG. 13. 
0134 Operation 1300 can include the wireless communi 
cation device 102 receiving a message including loading 
information indicative of a loading factor for each of at least 
one neighbor cell. In this regard, operation 1300 can corre 
spond to an embodiment of operation 1200. Operation 1310 
can include the wireless communication device 102 reading 
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at least a portion of the loading information from the message. 
Operation 1310 can accordingly correspond to an embodi 
ment of operation 1210. 
0.135 Operation 1320 can include the wireless communi 
cation device 102 measuring a signal characteristic for each 
of at least one neighbor cell. The measured signal character 
istic can be a measurement of signal strength, signal quality, 
and/or other characteristic that can be measured or otherwise 
observed for a given cell signal. By way of non-limiting 
example, operation 1320 can include measuring one or more 
of a pilot strength measurement, SNR, SINR, RSRP, RSRO, 
RSSI, RSCP, and/or the like for a respective neighbor cell. 
I0136. It will be appreciated that the method of FIG. 13 is 
not limited to any relative ordering of operation 1320. In this 
regard, operation 1320 can be performed in any ordering 
relative to operations 1300 and 1310, including, for example, 
prior to performance of one or both of operations 1300 and 
1310, concurrent with performance of one or both of opera 
tions 1300 and 1310, or after performance of both operations 
1300 and 1310. 
0.137 Operation 1330 can include the wireless communi 
cation device 102 selecting a target cell based at least in part 
on the read loading information and on the measured signal 
characteristics. For example, in some embodiments, opera 
tion 1330 can include the wireless communication device 102 
deriving selection favorability metrics for one or more neigh 
bor cells based on a combination of their respective loading 
factors and measured signal qualities, as described above, and 
evaluating the neighbor cells based on their selection 
favorability metrics. 
0.138. In some example embodiments, the method of FIG. 
13 can further include operation 1340, which can include the 
wireless communication device 102 participating in a transi 
tion from the serving cell to the selected target cell. In this 
regard, operation 1340 can correspond to an embodiment of 
operation 1230. 
0.139. In some embodiments and/or instances in which the 
wireless communication device 102 can transition to a 
selected target cell under network direction and/or with net 
work assistance, Such as through redirection or handover, the 
wireless communication device 102 can be configured to 
influence the network to transition the wireless communica 
tion device 102 to the selected target cell through measure 
ment reports that can be sent by the wireless communication 
device 102. 
0140 FIG. 14 illustrates a flowchart according to an 
example method for influencing transition to a neighbor cell 
based on cell loading in accordance with some example 
embodiments. More particularly, FIG. 14 illustrates an 
example method in which a wireless communication device 
102 can selectively send or not send a measurement report for 
a respective neighbor cell based on the loading factor of the 
neighbor cell. One or more of processing circuitry 610, pro 
cessor 612, memory 614, transceiver(s) 616, or selection 
control module 618 can, for example, provide means for 
performing one or more of the operations illustrated in and 
described with respect to FIG. 14. 
0.141. Operation 1400 can include the wireless communi 
cation device 102 measuring a signal characteristic of a 
neighbor cell. Operation 1410 can include the wireless com 
munication device 102 determining a loading factor for the 
neighbor cell from loading information read from a received 
message sent by the serving base station. For example, opera 
tion 1410 can be performed based on loading information that 
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can be read by the wireless communication device 102 atten 
dant to performance of operation 1210 or operation 1310. 
0142. It will be appreciated that embodiments are not lim 
ited to any particular ordering of operations 1400 and 1410. In 
this regard, while illustrated as following operation 1400, in 
Some example embodiments, operation 1410 can be per 
formed prior to operation 1400. Alternatively, in some 
example embodiments, operations 1400 and 1410 can be 
performed concurrently. 
0143 Operation 1420 can include the wireless communi 
cation device 102 selectively sending a measurement report 
for the neighbor cell based at least in part on the loading factor 
for the neighbor cell. For example, in Some instances in which 
the measured signal characteristic of the neighbor cell deter 
mined in operation 1400 satisfies a threshold for sending a 
measurement report, but the loading factor for the neighbor 
cell exceeds a threshold and/or is greater thana loading factor 
for another candidate neighbor cell having a suitable signal 
quality, operation 1420 can include the wireless communica 
tion device 102 determining to not send a measurement report 
for the neighbor cell to avoid triggering a transition to the 
neighbor cell. As another example, in an instance in which a 
measured signal characteristic for the neighbor cell is not 
better than a second neighbor cell, but the loading on the 
neighbor cell is less than the second neighbor cell, operation 
1420 can include the wireless communication device 102 
sending a measurement report for the neighbor cell instead of 
for the second neighbor cell so as to trigger a transition to the 
neighbor cell rather than the second neighbor cell. 
0144. In some example embodiments, the wireless com 
munication device 102 can be configured to influence transi 
tion to a selected target cell by sending a measurement report 
for a neighbor cell that includes a measurement value modi 
fied from an actual measured signal characteristic based on 
the loading factor for the neighbor cell. FIG. 15 illustrates a 
flowchart according to an example method for influencing 
transition to a neighbor cell based on cell loading in accor 
dance with Some such example embodiments. One or more of 
processing circuitry 610, processor 612, memory 614, trans 
ceiver(s) 616, or selection control module 618 can, for 
example, provide means for performing one or more of the 
operations illustrated in and described with respect to FIG. 
15. 

0145 Operation 1500 can include the wireless communi 
cation device 102 measuring a signal characteristic of a 
neighbor cell. Operation 5410 can include the wireless com 
munication device 102 determining a loading factor for the 
neighbor cell from loading information read from a received 
message sent by the serving base station. For example, opera 
tion 1510 can be performed based on loading information that 
can be read by the wireless communication device 102 atten 
dant to performance of operation 1210 or operation 1310. 
0146 It will be appreciated that embodiments are not lim 
ited to any particular ordering of operations 1500 and 1510. In 
this regard, while illustrated as following operation 1500, in 
some example embodiments, operation 1510 can be per 
formed prior to operation 1500. Alternatively, in some 
example embodiments, operations 1500 and 1510 can be 
performed concurrently. 
0147 Operation 1520 can include the wireless communi 
cation device 102 deriving a modified measurement value by 
applying an offset to the measured signal characteristic based 
at least in part on the loading factor for the neighbor cell. 
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0.148. For example, if the loading factor indicates heavy 
loading, such as having a loading greater than a threshold, 
greater than another candidate neighbor cell, and/or the like, 
operation 1520 can include applying an offset selected to 
indicate a lower signal quality than that measured in operation 
1500. In some such instances, the applied offset can be suf 
ficient such that the modified measurement value satisfies a 
measurement threshold for triggering transition to the 
selected target cell. 
0149. As another example, if the loading factor indicates 
that the neighbor cell is lightly loaded such as having a load 
ing that is less than a threshold, less than another candidate 
neighbor cell, and/or the like, operation 1520 can include 
applying an offset selected to indicate a higher signal quality 
than that measured in operation 1500. 
0150. Operation 1530 can include the wireless communi 
cation device 102 sending a measurement report including the 
modified measurement value to the serving base station. As 
Such, through sending one or more modified measurement 
reports in accordance with Such example embodiments, the 
wireless communication device 102 can influence transition 
to a selected target cell. 
0151. As discussed previously, in some embodiments, a 
base station can be configured to broadcast system informa 
tion messages having a sequence number or other version 
indicator Such that a wireless communication device 102 can 
selectively read a received system information message based 
on an observed sequence number. FIG. 16 illustrates a flow 
chart according to an example method that can be performed 
by wireless communication device 102 for selectively read 
ing a system information message for updated loading infor 
mation in accordance with Some such example embodiments. 
One or more of processing circuitry 610, processor 612, 
memory 614, transceiver(s) 616, or selection control module 
618 can, for example, provide means for performing one or 
more of the operations illustrated in and described with 
respect to FIG. 16. 
0152 Operation 1600 can include the wireless communi 
cation device 102 reading a first system information message 
including loading information. The first system information 
message can have an associated first sequence number. 
Operation 1610 can include the wireless communication 
device 102 receiving a second system information message. 
0153. Operation 1610 can include the wireless communi 
cation device 102 determining whether the sequence number 
of the second system information message is the same as the 
first sequence number. In this regard, the wireless communi 
cation device 102 can compare the sequence number of the 
second system information message to the first sequence 
number to determine if the sequence numbers are different 
(e.g., whether the sequence number of the second system 
information message is greater than the first sequence num 
ber). 
0154. In an instance in which it is determined that the 
sequence number of the second system information message 
is identical to the first sequence number, the method can 
proceed to operation 1630, which can include the wireless 
communication device 102 ignoring (e.g., not reading) the 
second system information message. If, however, it is deter 
mined that the sequence number of the second system infor 
mation message differs from the first sequence number, the 
method can instead proceed to operation 1640, which can 
include the wireless communication device 102 can read the 
second system information message for updated loading 
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information. For example, the wireless communication 
device 102 can listento a control channel on which the second 
system information message can be broadcast in an instance 
in which it sees that a system information message with an 
updated sequence number is being broadcast. In this regard, 
the wireless communication device 102 of such example 
embodiments can rely on previously read loading informa 
tion until there is an indication, such as through an updated 
sequence number, that a broadcast system information mes 
sage includes updated loading information. 
0155 The various aspects, embodiments, implementa 
tions or features of the described embodiments can be used 
separately or in any combination. Various aspects of the 
described embodiments can be implemented by software, 
hardware or a combination of hardware and software. The 
described embodiments can also be embodied as a computer 
readable medium (or mediums) storing computer readable 
code including instructions that can be performed by one or 
more computing devices. The computer readable medium is 
any data storage device that can store data which can there 
after be read by a computer system. Examples of the com 
puter readable medium include read-only memory, random 
access memory, CD-ROMs, HDDs, DVDs, magnetic tape, 
and optical data storage devices. The computer readable 
medium can also be distributed over network-coupled com 
puter systems so that the computer readable code is stored and 
executed in a distributed fashion. 
0156. In the foregoing detailed description, reference was 
made to the accompanying drawings, which form a part of the 
description and in which are shown, by way of illustration, 
specific embodiments in accordance with the described 
embodiments. Although these embodiments are described in 
sufficient detail to enable one skilled in the art to practice the 
described embodiments, it is understood that these examples 
are not limiting; such that other embodiments may be used, 
and changes may be made without departing from the spirit 
and scope of the described embodiments. 
0157. Further, the foregoing description, for purposes of 
explanation, used specific nomenclature to provide a thor 
ough understanding of the described embodiments. However, 
it will be apparent to one skilled in the art that the specific 
details are not required in order to practice the described 
embodiments. Thus, the foregoing descriptions of specific 
embodiments are presented for purposes of illustration and 
description. The description of and examples disclosed with 
respect to the embodiments presented in the foregoing 
description are provided solely to add context and aid in the 
understanding of the described embodiments. The descrip 
tion is not intended to be exhaustive or to limit the described 
embodiments to the precise forms disclosed. It will be appar 
ent to one of ordinary skill in the art that many modifications, 
alternative applications, and variations are possible in view of 
the above teachings. In this regard, one of ordinary skill in the 
art will readily appreciate that the described embodiments 
may be practiced without some or all of these specific details. 
Further, in Some instances, well known process steps have not 
been described in detail in order to avoid unnecessarily 
obscuring the described embodiments. 
What is claimed is: 

1. A method for making a cell transition decision based at 
least in part on cell loading, the method comprising a wireless 
communication device: 

receiving a message sent by an evolved Node B (eNB) 
associated with a serving cell for the wireless commu 
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nication device, the message including loading informa 
tion indicative of a loading factor for each of at least one 
neighbor cell, wherein the serving cell implements a 
Long Term Evolution (LTE) radio access technology 
(RAT); 

reading at least a portion of the loading information from 
the message; and 

selecting a target cell for transition from the at least one 
neighbor cell based at least in part on the read loading 
information. 

2. The method of claim 1, further comprising the wireless 
communication device: 

participating in a transition from the serving cell to the 
Selected target cell. 

3. The method of claim 1, wherein receiving the message 
comprises receiving at least one system information message 
broadcast by the eNB, the at least one system information 
message including loading information indicative of a load 
ing factor for one or more neighbor cells. 

4. The method of claim 3, wherein: 
in an instance in which the at least one neighbor cell 

includes one or more intra-frequency neighbor cells, the 
received at least one system information message 
includes a system information block (SIB) 4 including 
loading information for the one or more intra-frequency 
neighbor cells; 

in an instance in which the at least one neighbor cell 
includes one or more inter-frequency neighbor cells, the 
received at least one system information message 
includes a SIB 5 including loading information for the 
one or more inter-frequency neighbor cells; 

in an instance in which the at least one neighbor cell 
includes one or more Universal Mobile Telecommuni 
cations System (UMTS) cells, the received at least one 
system information message includes a SIB 6 including 
loading information for the one or more UMTS cells; 

in an instance in which the at least one neighbor cell 
includes one or more Global System for Mobile Com 
munications (GSM) cells, the received at least one sys 
tem information message includes a SIB 7 including 
loading information for the one or more GSM cells; and 

in an instance which the at least one neighbor cell includes 
one or more Code Division Multiple Access 2000 
(CDMA2000) cells, the received at least one system 
information message includes a SIB 8 including loading 
information for the one or more CDMA2000 cells. 

5. The method of claim 3, wherein reading the at least a 
portion of the loading information comprises selectively 
reading a broadcast system information message for updated 
loading information based at least in part on a comparison 
between a sequence number associated with the broadcast 
system information message and a sequence number associ 
ated with a previously read system information message. 

6. The method of claim 1, wherein selecting the target cell 
comprises selecting the target cell further based on a mea 
Sured signal characteristic of the selected target cell. 

7. The method of claim 6, further comprising the wireless 
communication device: 

deriving a selection favorability metric for each of at least 
one neighbor cell, wherein each derived selection 
favorability metric is derived based at least in part on a 
weighted combination of the measured signal character 
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istic for a respective neighbor cell and the loading factor 
of the respective neighbor cell indicated by the read 
loading information; and 

Selecting the target cell based at least in part on the derived 
selection favorability metrics. 

8. The method of claim 1, further comprising the wireless 
communication device: 

measuring a signal characteristic of the selected target cell; 
deriving a modified measurement value by applying an 

offset to the measured signal characteristic based at least 
in part on the loading factor of the selected target cell 
indicated by the read loading information; and 

sending a measurement report including the modified mea 
Surement value to trigger transition to the selected target 
cell. 

9. The method of claim 1, further comprising the wireless 
communication device: 

Selectively sending a measurement report for a neighbor 
cell based at least in part on the loading information. 

10. The method of claim 1, wherein the at least one neigh 
bor cell includes at least one neighbor cell implementing a 
legacy RAT having a circuit Switched domain. 

11. A wireless communication device comprising: 
at least one transceiver, the at least one transceiver config 

ured to send data to and receive data from one or more 
cellular networks: 

and processing circuitry coupled with the at least one trans 
ceiver, the processing circuitry configured to control the 
wireless communication device to at least: 
receive a message sent by a base station associated with 

a serving cell for the wireless communication device, 
the message including loading information indicative 
of a loading factor for each of at least one neighbor 
cell; 

read at least a portion of the loading information from 
the message; and 

Select a target cell for transition from the at least one 
neighbor cell based at least in part on the read loading 
information. 

12. The wireless communication device of claim 11, 
wherein the base station is an evolved Node B (eNB), and 
wherein the serving cell implements a Long Term Evolution 
(LTE) radio access technology (RAT). 

13. The wireless communication device of claim 11, 
wherein the processing circuitry is configured to control the 
wireless communication device to receive the message at 
least in part by controlling the wireless communication 
device to receive at least one system information message 
broadcast by the base station, the at least one system infor 
mation message including loading information indicative of a 
loading factor for one or more neighbor cells. 

14. The wireless communication device of claim 11, 
wherein the processing circuitry is further configured to con 
trol the wireless communication device to select the target 
cell further based on a measured signal characteristic of the 
selected target cell. 

15. A method for facilitating a cell transition decision by a 
wireless communication device based at least in part on cell 
loading, the method comprising a base station: 
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receiving loading factor data for one or more neighbor 
cells; 

deriving loading information from the received loading 
factor data, the derived loading information being 
indicative of a loading factor for each of at least one 
neighbor cell of the one or more neighbor cells; 

generating a message including at least a portion of the 
derived loading information; and 

sending the message such that the message is receivable by 
at least one wireless communication device in a cell 
served by the base station. 

16. The method of claim 15, wherein the base station is an 
evolved Node B (eNB), and wherein the cell served by the 
base station implements a Long Term Evolution (LTE) radio 
access technology (RAT). 

17. The method of claim 15, wherein: 
generating the message comprises generating a system 

information message; and 
sending the message comprises broadcasting the system 

information message. 
18. The method of claim 17, wherein: 
in an instance in which the at least one neighbor cell 

includes one or more intra-frequency neighbor cells, the 
system information message includes a system informa 
tion block (SIB) 4 including loading information for the 
one or more intra-frequency neighbor cells; 

in an instance in which the at least one neighbor cell 
includes one or more inter-frequency neighbor cells, the 
system information message includes a SIB 5 including 
loading information for the one or more inter-frequency 
neighbor cells; 

in an instance in which the at least one neighbor cell 
includes one or more Universal Mobile Telecommuni 
cations System (UMTS) cells, the system information 
message includes a SIB 6 including loading information 
for the one or more UMTS cells; 

in an instance in which the at least one neighbor cell 
includes one or more Global System for Mobile Com 
munications (GSM) cells, the system information mes 
Sage includes a SIB 7 including loading information for 
the one or more GSM cells; and 

in an instance which the at least one neighbor cell includes 
one or more Code Division Multiple Access 2000 
(CDMA2000) cells, the system information message 
includes a SIB 8 including loading information for the 
one or more CDMA2000 cells. 

19. The method of claim 15, wherein receiving the loading 
factor data comprises receiving loading factor data via an 
interface configured to enable communication between the 
base station and a second base station, the second base station 
being associated with a neighbor cell. 

20. The method of claim 15, wherein the cell implements a 
first radio access technology (RAT), and wherein receiving 
the loading factor data comprises receiving loading factor 
data provided by a control entity associated with one or more 
neighbor cells implementing a second RAT. 
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